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HISTOHY OF CONVERTER M-134~C

CHAPTER I, INTRODUCTION

For photographs of Converter M-13,-C, see Tabs A, B and C. For addi-
tional photographs, see Vol. , Tabs ) » ’ ’ »

) ;] ) § » | - 3 e ] y ) ] } - 3 3 L
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A, GCeneral
(Summary)

| Converter M-134-C is an electromechanical, transportable, cipher
machine used in permanent ami mobile‘masage centérs for the purpose
of automatically enciphering and deciphering messages, both tactical
and administrative, wif,h speed, aeénracy, and security. It was intro-
duced into the military service shortly after the entrance of the
United States in World War II: Because of its evtremely high dégree
of cryptographice security coupled with its transportability and its
adequate speed of 25 to.50 words per minute, it became the "backbone”
of Army and Navy joint and individual eryptographic¢ communications.
Navy nomenclature designated the machine as ECM Mark II (short title:
CSP 888/689) and Army nomenclature designated it as Converter M-134-C
(short title: SIGABA). According to the new Army nomenclature plan,

- its designation has been changed to ASAM 1. Since it was known in

the Army as Converter M-134-C durizig the most importanit phase of its
existence, World War 1I, it is referréd to in this history by its
earlier Army nomenclature,

The history of Converter M-134-C necessitates following tw;:a

important cryptographic principles t.hrough' a rather intricate develop-

T CErEeL
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.me sﬁoond ot-thaae? principlaa > | ‘h_concerne'& wit,h how theso enciphering
rotars mp. In Gavorter n-m-é the two principles, wich constitute
t.he baaic crypwgraphio phenomsnon of Conwrber n.lsa-c are givan
physioal embodiment. by means of 15 rotora contained .tn a removable

ASa % : :
: eipher baaket/\(ahort title: smxvx). _ These 15 rotors are arranged in .

t.hree rotor ba.nks (aee photograph, Tab c)x 5 of these rotors are the
enciphering rot.ors (marked 19, Tab C), which convert a plain-text letter

into a cipher-text letter by means of an electric current passing

through this 5-r9t.or cipher maze. The remaining 10 rotors are composed

of two groups: a group of five rotors, .called control ‘rotors (marked 18,.

Tab C), which step in metered fashion, and a group of ﬁ.ve small

st.:_a_tionary rotors, called index rotors (marked 17, Tab C). Electric

currents pass t.hrough the control and ipher rotors (marked 18 and 17, « ~- <%
Tab G) » successively,. in order to émduée simu;aﬁed randon stepping
' 51’ the five rotors (marked 19, Tab C) which accomplish the?ncip’hering.
. Briefly, the two concepts to be t.raced are '

(1), enciphermnt by means of electrie ' rent. -through a rotor

me, and =

- {(2) mdom steppina of the enciphering rotors. T
(These two. orypbogmphic concepts a.re further axplained ‘.'m: Seet.ion B
of this chapter.) ' ' ' '

: 1. %r an ezp].ahabion of the crypmgraphing fme’o&cning of a rotory -

P




&

The two important cnyptagraphic“principles listed juat above
were not suddenly conceived, and once they wore ccnceived,'mechanical
and electrical applications ¢f them were made separately and inédequate—
ly on early models léng before they finally avolved*iﬁto the crypto-
graphic, electrical, and mechanical perfection of Converter M-134-C,
The experimental and adoﬁted models in the direch';ine of cryptographic
development which culminated in Converter M-134~C are as follows:
Hebern Cryptograph (first Hebern device presented to Chief Sign#l
Officer in 1923); Converﬁer M413h~Tl (cﬁnceived about 1926 and built
between 1930 and 1933), Cénvertar ¥-134~T2 (conceived about 1933 and
built'in the same year); Convérﬁer'H—IB#,(the édoptad'form of Con-

~ yerter’ M-lBh»TQ), Converter M-134-A (first built in December 1939),

and Keying Unit M-229 (proposed in 1941 as new means of stepping the
rotors of Converter H—lBA, M~135—A) The exact manner in which each

of these experimental and adopted models is in the direct line of

" c:ybhographic éevelopmeﬁt which culminated in Converter N-13i~C can be
seen only by understanding the details ff each, Such details are given .

~ in the, ae@arate chapters which concern each model. (To locate the

chapter concerning any parﬁicular modél, see index.)

B CryptOgraphic Functioning of Converter K-lBg

~In order that the reader may have a better underatanding of the
céryptographic concepts to be traced, it is necessary to present here a
bfief'deseription of the manner in which Converter M—lBAFC cohverta.a
plain-text letter into a cipher-text letter. Physically, the electro-
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machanical Converter M-134~C coneists of the following main component
partst a keyboard, a printer unit (8, Tab A; 9 and 10, Tab B), a con-
trollér (3, Tsb A), and a cipher unit (2, Tab A; 17, 18, and 19, Tab C).-
The functions §£ the keyboard and printer unit are obvious: ¥hen a

key of the keyboard is depréssed, it causes the printer unit (10, Tab B)

to print on the tape either the same plain-text letter or aﬁ enéipherw
ment of that lettérracaording to the position of the controller (3, Tab A);
The controller'is-a switeh (3, Tab A){—tha main function of which is to-

AN

switch the current through the cipher unit so that encipherment ("E"

‘position) or decipherment (“D" pogition) will oceur, or to switeh the

current directly to the printer-unit so that plain4taxb'let£ers will
se'printed exactly as typed ("P% position).l The cipher unit (short
title: SIGIVI) congists of six rigidiy mounted bakelite ;eparators

which form a support for the three rotor éhafts (17, 18, 19, Tac C).

The purpose'of the unit is t6 support the index (17, Tab.C), control

(18, Tab C), and eipher rotors (19, Tab C) in wuch relative positions /'49

that electrical circuits are formed through each row of rotors. The
five small rotors in the front row (17, Tab C) are called index rotors.
The index rotors can be moved manually onxfi The five rotors in the
middie row are known as eontrol rotors (18, Tab C). The three middle

control rotors step in metered fashion (see footnote 1, page 2) and

1. 1he only other position of the controller besides the Off (WOT
 position) is the Reset position ("R™). When the controller is in
the "R" position and the Zéroize-operate key at "deroize,® the
effect is automatic advancement of the rotors until they all
present the letter "O" at the bench mark. ‘
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" the two end control rotors remain stationany during encipherment and

decipherment, The five rotors in the rear row are known as the cipher

or. alphabet rotors. All five cipher rotors step in an irregular

‘manner during enecipherment and decipherment.

To properly encipher a message, the three sets of rotors mst be

arranged and aligned in such a way that the arrangements and alignments

can be reproduced by the deciphering opefatdr. The means by which

these arrangements and alignmanté of rotors are selected by the encipher»
ing operator and transmitted to the deciphering operater in disguised
form céﬁsbihuta a rather gomplicateﬁ.aet of keying instructions. These
insﬁructions aré discussed in Chapter . Heia; we are concerned only

with the fact that in order to decipher a message the arrangement and

alignment of the rotors mst be the same as those used to encipher the

' J“message.»

" In order that the reader may uﬁderstand‘the two cryptographic'prin-
2 ' _
ciples mentioned above (page X), it is necessary to understand the //1;l

_cryptographic function of -the SIGABA rotor. The SIGABA rotors are

merely switching commutators which carry an electric current scross
the rotor maze in a circuitous path determined by the wiring of the .

rotors and the alignment of the rotors relative to one another, The

' rotors of SIGABA consistvof two types: 5 small rotors with ten contact

points on each gide face uﬂd 10 large rotors with 26 eontact points
on each sidevface. Each of the 10 conbact points on the 1afb,side

faée 6f.pach ihdaxtrotor“are wired at random to one of the 10 contact
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points on the right side face of each index rotor. Bach of the 26

contact points on the left side face of each controcl and cipher rotor
are wired at random to one of the 26 contact points on the right side

1 The five small rotors (index

face of each control and cipher rotor.
rotors) fit only into the front rotor bank. The 10 large rotors (con-
trol rotors or cipher rotors) fit into either the resr or ¢en€sr rotor
bank. ’

The actual encipherment of a letter is performed by the five
irregularly turning rotors of the rear rdtéf bank., The benber rotor
bank (control rotors) and the front rotor hapk (index rotors) perform
sthe function of controlling the stepping of the five rear rotors in
such a way that simulated randbm atepping of the rear rotors is the
effect.

The five irregularly stepping rear rotors perform ﬁheirﬂfunction
of encipherment of & letter as follows; The pathAof'the eléétric'A
current is from the contact of the key depressed to‘the cqnﬁact to
which it is wired in the right end plate, to the touching contaci on
the right face of the first rotors, to the contact to which it is wired
on the right side of the firs£ rotor., and on through the giphar maze
in this manner»(see diagram below) to the touching contact on the left
énd plate, to the magnet which effects a certain letter of the type
wheel (10, Tab B), thus causing that letter (the cipher letter) to

be printed on the tape.

"I, This wiring is accomplished according to & chart (composed by

random selection) so that sets of the 15 rotors can be wired
exactly alike for intercommunication between SIGABA holders.
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Illustration of ggth of Electric Current
-~ through Alphabet Rotor Maze

With each encipherment of a plain-text letter one or more of

the five cipher (alphabet) rotors advance one stép. Hhich of the

~ five cipher (alphabet) rotors step and how many is determined by the

. paths of four electrical circuits through the control rotor mage and

the index rotor magze. The paths of these four circuits are varied

" by the change which cccurs in the relative p&sitidhs cf the control

H;
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rotorsl with each éncipherment of a letter. The index rotors remain

stationany.2

‘The paths of the four electrical circuits, (which select

the cipher (alphabet) rotcfs to step with each éncipherment of a letter)
are determined.in the manner described in the paragraphs which immediately
follow (pages 8 -13), Tﬁe.diagram Sn'the following page (page 9) illus-

trates the effect of the four circuits through the two (control and

cipher) rotor mages. The deseription in the paragraphs which immediately

follow refer to this diagram.
On the right end statar.orvfight contact face, four contaet points

" are energized or become “élive" with each depression of a key. The four

"live" contact points remain the same for each encipherment. In the
diagram (page 9), the "live' contacts of the right end stator are shown
at points designated by the letters.E, J, O, and Q.7 The four circuits
which begin at these four "live" contact points are indicated by a red,
blue, orange, and green arrow. The paths of the four circuits through
both the alphabet and index maze can easiLy be traced by following the
red, blue, orange, and green arrows.. The paths across the‘control maze
is of course determined by the wiring of the rotors and the relative

positions of the rotors for this particular enciphermﬁgt.

1. The control rotors advance in metered fashion: Ihe control yotor in
position no. 3 is the fast-stepping control rotor; it steps once for
each depression of a key of the keyboard. The control rotor in
position no. 4 is the medium-fast-stepping rotor; it steps once each
time the fast-stepping rotor has made one complete revolution (or has
stepped 26 times). The control rotor in position no, 2 is the slow-
stepping rotor; it steps once each time the medium-stepping rotor no.
4 has made one complete revolution {(or has stepped 26 times), Rotors
1l and 5 remain stationary. o

2. The index rotors remain stationary throughout one day. They are
realigned manually at the beginning of each new day.

| 3. ‘'The "live® contact pointshere designated are not the actual contact

points of the right end stator which are flive.,"” This is an

illustration only.
.D[T
NN
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FIGURE ___

DIAGRAM OF THE PATHS OF FOUR EIECTRICAL CIRCUITS
THROUGH |
THE CONTROL AND INDEX ROTOR MAZES

(causing certain rotors of the ci~
pher or. alphabet maze to step)
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The four circuits each leave theé control rotor maze at one of

the 26 contact points of the left end stator (left contact face).

The 26 contact points of the left end stator ars wired together in 9
groups or bands. These 9 bands iead to 9 of the ld coﬁtéct pointé '
én the left end stator of the index maze, The 9 bands or groups in
the wiring of the left end stator of the control gaze is made up as
follows§ SiX’Qf'the conﬁact poin;a'of the left eﬁg]stator are wired
together and lead to one contact of the left end sfator of the index

Maze. The six-wire band of the left end stator of the cohtrol rotor

. mage is designabed on- the diagram by the orange 1ines which connect
" the contact peints d951gnated by the letters C,-D, F, H, J, R.l In
'the diagram, this 4=poiAt band® leads to the contact point of the left

stator of the indaxquZB“designated by the number, 0.3 The significance

~ of this banding'is that if one (or more) of the four circuits established

Y

lsavea the conbrol maze at‘any'one of these 6 coatact points, it will

be d;rected by means of this banding to the same contact point of the
left stator of the index maze, (in the illustration, contact 0).

other bands can easily be noted on the diagram. There is a 5~point band
(indicated in the diagram by the green lines leading from the leftvend
stator of the control maze to cantgch 7 of the left end stator of the

index maze); there are two 3-point bands (indicated on the diagram by

1, The contact points here indicated are not the actual points banded

_ together in the right end stator. This is an illustration only.

2, The number of contact points banded together are accurately given
throughout this text., Which points they are is a matter of illus-
tration only and are not the actual points concerned.

3. This right-end stator band does not actually lead to the contact
point of the right end stator of the index maze indieated on the
diagram or if it does it is merely a coincidence, This is an

illustration only.
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‘two groups of blue lines leadlng from the right end stator); there is
cne 4-point band (red lines); there is one 2-point band (purpie ~lines);
there are(f%%)singly wired contact points (black lines). These bands ‘ Thee®

- include all 26 contact éoinbs of the left-end stator of the control mage.

There are 9 of these bands leading to 9 of the 10 contact points of the
left-end stator §f the indéx~maze; this leaves one "dead" or inactive
contact point on the left-end statoﬁ of the index maze., In the illus~
tration on page 9, the “dead“ or inactive contact péint, on the left-
end stator of the index maze, is contact poiﬁt 2, |

From the left end stator of the index maze, the four circuits
follow the path established by the wiring and relative positions of the
index rotors. The ten contact points of the right end stator of the
index maze aré béndad together'in pairs; each pair Qf w@res is connected
to a magnet, which when enérgized, will step one of the five cipher rotors.
(On the diagram, page 9, these contact points of the right end stator of
the index mage are banded in pairs as follows: 0 and 4 are banded to-
gether, indicated by blue lines; 2 and 8 (orange lines), etc.)

Following, by means of the diagram on page 9,‘the circuits designated
by the red and green arrows from the original contact points all the way
through the contrel and index mazes, it will be noted that these two
circuits eventually lead through the same band of the paired eontacts
of the right end stator of the index magze; thus both clrcults influence

Quu;gig awgﬁaﬂé o W
the same rotor, In the example, the red and green’ tﬁﬂﬁﬁéﬁ&?both move

rotor no, 3, The circuit designated by the blue arrows moves cipher
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rotor no, z;.j _The circuit deaig'xatéd by the orange arrows move cipher
rotor no, X. Therefore, the example shows that with this particular / 3

encipherment of a letter, three cipher rotors (:‘L-,—-fsg'-‘lt) advance one / 27 3

step, With the next encipherment of a letter’, the change in the

" relative positions of the contrel rotors will direct the four circuits

through different paiths.
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' CHAPTER II, THE BEGINNING OF THE EIECTRICAL MACHINE AGE
IN ARMY CRYPTOGRAPHY

Bach of the successive models mentianed in the preceding chapter,
and vhich are discussed in detail in the succeeding chapters, were
attempts to produce a rapid electrical clpher machine having an extremely
high degree of cryptographic security. The necessity for both security
and speed were made apparent by ghe lessons learned during World War I.
Codes énd a few manual cipher systems--but mostly codes—were the means
of efnciphering classified communieations during the first great war,

The military operations of World War I were conducted on such an exten-
sive scale that the use of codes and manual cipher systems becane "a
serious menace to the prompt transaction of military business“.2
Because of the delay and irritations inevitable in manusl and pencil
and pad procedures, field commanders in the heat of battle disregarded
cryptographic precautions or neglected thé decipherment of pertinent
messages.

These inadequacies became épparent before the end of World War I ~
and a serious aﬁtempb was made to produce a rapid and secure machine.

In the last phases of World War I, the Office of the Chief Signal

Officers placed the problem of evolving an,ééﬁecipherable #printing-

1. Converters W-i3h—11, M=l34=12, W13k, b=134-A, B=~134-C, Keying
Unit M-229,

2, Hemorandum for the Chief of Staff, from the Chief Signal Officer,
Subject: "The development of an indecipherable printing telegraph
cipher for military purposes", Sept. 11, 1918, See Tab D.

3. The cryptographie activities of the U,5. Amy during and immediately

subsequent to World War I were the joint responsibility of the Chief
Signal Officer and the Director of Military Intelligence. The respon-
sibility of the Chief Signal Officer placed emphasis on the establish-
ment and develomment of enciphering and decivhering methods and pro-
cedures. )
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telegraph cipher® befolLl'h engiii] E; the American Tele-

graph and Telephone Company. All pertinent cipher knowledge possessed

by the Signal Corps was placed at its disposal and it was also given
all the assistance it nésdﬁd from the cipher experts of the Hilitafy.
Intelligence Branchl of the General Staff. The work was vigorously
undertaken and two months before the end of World War I, the,develop~
ment of a fprinting-telegraph cipher“2 for use with the telegraphie
apparatus wes completed, {(See Tab 9)3 Plans for extensive field use

of the fcipher® were suspended with the cessation of hostilities.

1. GSee footnote 3, page 13.

2., The printing-telegraph cipher made use of the well-known features
of the printing telegraph ert, such 28 tape, the keyboard perfor-
ator, the transmitter, and Baudot code. A set of electrical
impulses released by a tape perforated in the telegraph Baudot

code as the plain text were combined with a set of impulses released
by a tape, perforated with random Baudot characters, as the principle.

of selection, to set up a third set of impulses controlling the
perforation of a third tape a2s the cipher text. This cipher text
tape was then tranamitted by telegraphic facilities. In reverse
manner, impulses re¢leased by a duplicate of the random perforated
~tape used in the encipherment of a given message were combined with
impulses released the perforated cryptotext tape of the message
to produce a perforated plain text in the telegraph code. This
information is from "Cipher Printing Telegraph Systems, Address
presented by G. S. VERNAN, AT & T Co., at the Midwinter Convention
of the American Institute of Electrical Engineers, New York, &-11
February 1926." py filed: Office of Director of Communications
Research, ASA, File: AT & T Printing Telegraph Machine, This
desceription of the printing telegraph cipher shows that this early
device was similar to the secure one~tiwe tape systems in current
use, However, the keying tapes of the printing~telegraph cipher
were not "one-time" but were re-used. For a detailed exposition

[»]

of the development jof the printing-telegraph cipher, see the MHistory

of the Converter M«228".

3. Tab D is "MEMORANDUM for the Chief of Staff, from the Chief Signal
Officer, Subject: ''The development of an 1ndec1pheranle printing—
telegraph cipher®, Sept. 11, 1918%,




Gonsidering the vigarvof this beginning, it seems lagical that
the development of electrical cipher equipment would have continued
at a rapid pace, But suLh was not the case, The cessation of hostil~-
ities, which curtalled tne immediate need for such eqnipﬁent,-seems
to have negated the intekest of bhe'top policy makérs; Thus the devel-
opment of slectrical cipher machines fell into an almost complete lull
for the next ten years. Smce the new peaceful era created little
.neéd“fOriaeqrgg qammupicﬁtions, there was no impetus ¢o produce
cryptographic apparatus.and even if there had been, no funds.

However, this situa)'tion did not prevent those most interested in
cryptography from thinkinz about such devices. In 1921, lr, William —
F. Friednan joined the staff of the Office of the Chief Signal Officer.
'He had had extensive cryptographic experience before joining the
staff of the Office of the ¢hisf Signal Officer and had for é long
tme been preocccupied with the idea that hand-operated syste&;s were
not consonant with the zxfaehine age. Therefore, he, from time to time,
drew up sketcheal of his own new cryptographic ideas or improvements

of already exlsting systems. He worked out some of these ideas in

I.” Some of tae now ideas set down in sketches werc improvemenis of
the’ Prlnting—Talegr ph eipher, These improvements will not be
discussed in this h gtory because they are more pertinent Zo the
development of Converter ¥-228. Those improvements, which were
designed for use in| conjunction with telegraph or teletype equip—
ment, are discussed in the "History of Converter K-228%,

15
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’ engineera of t.he sta.ff, namely, Mr, Louis

" ’1om Ag ‘Grehaa, 1 um of these. early sketohes
: 2

- lare’more direstly rel ;.ed to the' developnent of con ”rber u—zze

' ":"T*“'This akebch ’ concei edanddramin abhut; 1926,possib1y1925 R by B
Mr, Friodman, was a akg?gﬁ;f_fgr what later became Converter M-134-Tl.

(Sea Chapter Iv.)

1, Several of the ideas for new developments were covered by patents:
Patent No, 1,552,775, Friedman, filed: April 14, 1922, issued:
Jan,.13,.1925 (Secret Signaling Apparatus for Automatically .
- Enoiphering and Deciphering Messages, plugboard used to change
"~j;Baudot. kéying charactors) 3 -Fatent’ Ro, -1;516,180, Friedran and .-
B mnalhid Can T e el R U e
""‘:"" ey— rJ); Ta 00 -dy 3 3 s¢e
B iedma.n, fi—l@d: March 28, 1929, issued: May: 10, T #emﬂ“"'ﬂ
- Patent: ,0 772 Friedman snd Q@A_g, filed: Jan. 23, 1 .
- 19gueds; Jan. 28, 193G— (Convedic H-i31. r) T T
"'. History of converberl(-zza" '
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HEBERN COKRVERTER
(and related patents)

For photograph of original Hebern Converter, see Tab G.

A. General’
As emphasized in the first chapter, the two concepts te be traced
from their beginnings to their culmination in the.rapid/and secure
Converter M-134~C dre (1) encipherment by means of an electric current
through a rotor maze and (2) random stepping of the enciphering rotors.
Although the second all-important principle was developed by thg
cryptographic experts of the Signal Intelligence Service of the Office
of the.chief Signal Officer, the first principle was not. Since, in
the 1920's, the office of the Chief Signal Officer devoted very little
money or energy to the develoﬁment of cryptographic equipment, it is
easily understandablé that the first steps in this direcﬁion were taken
. by inventors associated with commercial houses which manufactured
cryptographic equipment for sale on any available market, - Just how
many inventors were working in this direction during the ‘early 1920's
- is, for oﬁr purpose, indeterminable, However, it is known that
several inventions for varying the paths of energy established in an
enciphering mechanism between a plain-text letter and the resulting
cipher-text letter were patented during the early 1920's and before,
Four examples of patents which can easily be recognized as developé

ment work which points in the direction .of the first principle are

17
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(1) British Patent Speciflcation 163,357 (nay 10, 1920) granted to

Hugo Alexander Koch of The Hague, Holland, (2) U.S. Patent 1,472,775
2

(Oct. 30, 1923) granted to Herman August Thorwald Wahnoe of Copen-

1. From Koch, British Patent 163,357 (1920): "...I declare that

wvnat 1 claim ist

(1) A ciphering and deciphering machine of the type hereinbefore
referred to having an intermediate separate path carrier or
valve which is capable of being bodily and freely adjusted
between a stationary transmitter and receiver element and
wnich is formed with a number of paths in which at any moment
for any desired transmission of energy the whole nuuber of
auch paths in the intermediate path carrier or valve 1s
available and the intermediate path carrier moves in the
direction of an imaginary line Jjoining the successive ends of
the receiver paths, the arrangement being such that each
intermedinte path has only two orifices of contacts, one on
each side of the intermedizte path carrier so that the total
nuober of contacts on the intermediate path carrier is equal

© to twice the number of paths in the intermediate path carrier.

(2) A ciphering and deciphering machine as claimed in Claim 1
in which a plurality of intermediate path carriers or valves
are disposed between the ends of the transmitter paths and
the ends of the receiver paths.

(3) A ciphering and deciphering machine as claimed in Claim 1 or 2,
in which the movement of the intermedizte path carrier or’
carriers is effected automatically on any key of the transmitter
being depressed.

(4) A ciphering and deciphering machine according to Claim'3 in
wiich the movement of one or more of the intermediate path carriers
is effected irregularly... etc., etc. '

2. From Wahnoe, U,S, Patent 1,472,775 (1923):

"The present invention relates to an automatic eryptograph which in

consequence of its nature may be used for a number of various purposes.
The distinguishing feature of the present cryptograph is one or

more sets of double drums--in the follewlng referred to as duplex
alternators——being each in similar manner as the commutator of an
ordinary electromotor fitted with a number of sepgments, the said
segments being electrically interconnected from drum to drum and fram
one duplex alternator to the other one in any suiteble menner, the
sald duplex alternators with their interconnections being inserted

as electrical intermediate members between the keys on a letter

keyboard and moving mechanisms for & system of type levers, the said
keys when operated in ordinary manner actuating the type levers by
electrical means and at the same time, causing the interposed duplex
alternators to alter their mutual position, so as to effect a con-
stantly varied mutual transposition of the letters of the alphabet,
numerals and signa.
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e t.wo Hebem patonts ment.ioned abova (1,510,%1 and 1,683,072)

‘are particularly' pertinent to this devalopmantal hist«ory; the first,
._.;beoauae'it. dgsorites. the rotor (ses Tab E for sopy ot Hebern Patent
o 1,683,072 whten moludea doscription of Hebem rot.or) 5 the sscond

M"_ji;:(see :i'ab F ror copy of Patent No. 1, 683,072) beca.use it describes a
‘machine which was physically rebuilt to produce the Gonverter M-134-TR
(see Chapter V). This particular Hebern modg.h;a: ;ﬁ’;i‘ziq;;ri:n-’ =8
' printing machine. ’I‘he improvements made so that. it became Converter
u-lBA-TZ eliminated ‘the baaic weakneas of the original device by sub~-
st.ituting a mqax_xs ot‘_producing random instead of metered stepping of
itsenciphering rotors. This improvement was not déveldped and: applied
to the Hebern machine wntil ten years after the Heb_exfn machine had been

~ submitted to the of,ﬁjdé of the Chief Signal Officer.

m 5;:& Tests of Hebern converters :
B ‘l‘he 'Hebern Eleetric Code Machine' (for photograph , see Tab G) as
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test was undertaken by Sn.gnal Intelligence Sectmn, 0CSigl. The
cursory examination showed that the degree of secrecy which it afforded
seemed to Dbe éonsiderably higher than that afforded by any other machine
so fer examined except the Printinjg Telegraph Machine {see Chapter II).
The Printing Telegraph Machine was much bulkier and not at all suitable
for use in a theater of war below Army Headguarters whereas the Hebern
machine was small, compact, and rugged, making it the most suitable
devic.e, for field use which had been developed and presented to 00SigO-
by 1923. The detailed .Gryptanalytic investigation of tha machine proved
that although the cryptograms which it produced were by no means
"absolutely mdecipherable" or even “pragtica 11y indecipherable”, the

degree of gecurity was fairly high, and the machine offered possibilities

for modification wit.h a view to augmenting the degree of securlty 1

This prediction of its possibilities made by William F. Friedman in 1924

was realized in 1937 vhen its secrecy was tremendously augmented by the

improvements which made it Converter E-134-T2,

A step-by-step description of results of the detailed cryptanalytic - '

s‘tudy of Hebern's machine was written by Mr, William F, Friedman of 8is,
OGSigO in early 192.,. However, this technical paper was not published
unt.il 1934 alonz with a second paperz on a cryptanalytxc test of a

T,  Priedman, Willlam F., Analysis of a Mechanico-ﬁlectrieal Cs

graph, Technical Paper, Part I, written in in early 1924, publ:.shed

in 1934,
2. Friedman, op. cit., Part II, published in 1934 along with Part I.
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~ second Hebern deviée.l This second test vas made” by Signal Intel-
ligence Sectioh in 1932 at the request (in April, 1932) of the Ccde
and Signal Section, Office of Naval Communications, Navy Department.
- Both of these papers have for years proved particularly valuable as
training literature for students preparing to cryptanalyze the later
and more secure Army machines. The importance of these £wo technical
papers to the Navy is expressed in the Havy "History of Invention and
Devclopment of the ﬁhrk II ECM® in a chapter called "The Contribution
- of the Signal Corps" as follows: | '

...These solutions were very important, in three ways,
namelys -

a. They snowed the weaknesses of the meter action of
the 1923 HCM and of 6 of the 30 optional stepping actions of
the 1930 HCM.

b. The 1924 solution was the basis of further analysis
by the Navy which disclosed stepping actions that would block
analytical solutions or short~cut solutions based on possession
of the code wheels. Friedman arrived at similar conclusions,
independently. Othersise, we would have had to abandon the
Electric Cipher Machine as being deficient in inherent security.

¢. In recent years, the principles and techniques of -
these solutions were instrumental in the solution of certain
systems which are gtill using a modified meter action.

1. See next page for cryptographic differences between the first
and second Hebern devices herein referred to.

2. The test was conducted by Mr. F, B, Rowlett, Br. S. Kullback,
and Dr. A, Sinkov under the supervision of Mr, W, ¥, Friedman,
Chief,of Signal Intelligence Section. .

21
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The second Hebern device (refbrred to above, page 21) which was
c:yptanalyzed in 1932 for the Navy, differed from the earlier model
in that the stepping arrangement was. no longer meterlike.t Any two
of the five rotors (depending upon the action gg&égted) moves forward

continuously, a third rotor moves forward one step per 26 depressions
of the keyboard, and the two remaining rotors move one step after 650

depresgions on the keyboard.

C. Cryptographic Functioning

' The original Hebern device (see Tab G for photograph), presented
to the Office of the Chief Signal Officer in 1923, consists of the
following component parts hecassary to understand the méchine erypto—
graphicallys a keyboard, a bank of 26 letter lights, 6 bakelite
separators, two aluminum whesls, and an encipher-decipher switch.

A plain-text letter is enciphered by depressing a key of the key-
' board, which action opens an electric circuit through‘the rotof mage
~to a lamp of the lampbank. The lamp waich is lighved by this action
indicates the cipher letter. The rotor maze providés a circuiltous path
| foz the travel of the current. The path of the current 1s as followss
From the conbacht of the key depressed to the cenvact Lo which it is

wired in the left? end plate,” to the touching contact on the left face

1.” For a detalled explanation of the mechanical stepping of these
rotors, see Friedanan, William F,, Analysis of a Mechanico-Electrical
Cryptograph, Part II, published 1934, pages 2~-8. File CSGAS-83,
Analysis Section.

2., The keyboard is wired to the left-end plate and the lamps to the
right-end plate when the eneinher-decipher switch is at "Direct”.
The lamps are wired to the left-end plate and the kayboard to the
rignt end~plate when the encipher-decipher switch is at "Reverse,.”

3+ The left-end plate is wired to the letters of the keyboard according
to a random-mixed but necessarily fixed sequence.
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of the first rotor, to the contact to which it is wired on the right

gide of the first rotor, to the touching contact on the left face of
the bakelite separator, directly through the separator to the opposite
contact oﬁ the right face of the separator, to the touching contact
on the left face of the second rotor...and on through the rotor maze
in this manner to a lamp which lights. For a graphic explanation of
this grinciple, see the diagram of the current going through a rotor
maze,‘page 7. |

Three of the five rotors step mechanically in metered fashion by
reans of a universal bar and rocker shaft, two aluminum wheels, and
associated levers and rotor stepping dogs. The effect of this rechanical
aationl is aé follows: The fifth or extreme right-hand rotor steps
forward continuously once per depression of the keyboard; the first
rotor steps forward once per 26 depressions; and the middle rotor steps
forward once per 650 depressions. Rotors 2 and 4 are displaceable only
by hand,

D« Evaluation
Xr, Hebern is currently bringing suit against the government for

infringement of his patenta. This fact mskes an evaluation of his

contribution diffiéult. Houaver,’if it were not for this suit, the

legal aspects of Hebern's claim to distinction would never have come
to the fore.” All of the other cryptographic machines in this history

1. For a detailed explanation of the mechanical stepping of these
rotors, see Friedman, William F,, Analysis of & Mechanico-Electrical

Crggtoggagh, Part I, published 193k, pages 6-8. File CSGAS-83,
Analysis Section. ‘ '




are evaluated without regard to the intri.cacies of legal ¢laims, There-
fore, the same criterion is applied in the evaluation presented in the
followlng paragraphs. o |
Edward H. Hebern invented the type of rotor which is used in many

rap.{d; electrical, rotor cryptographs of the Ammy and Navy. Use of
such botars in cascade (or encipherment by means of electric current
going through a rotor maze) is, as has been pointed out previously, one
of the two basic principles of Converter l-~134~C, Tais principle was
reduced to practical means by Edwerd H, Hebern., Whether anyone else
indegéendentl,y conceived and patented the same practical means (namely,
that which has become known as the Hebern-type rotor) for use of this
prineiple is for the courts to decide. Repgardless of their decision .
however, it was Hebern's machine which first brought the physical
embodiment of this principle to &the attentlion of the Army and Navy in
a form so praﬁcticai that it has never been abandoned.

. The following evaluation of Hebern's contribution is most inter- .
eating. It is presented by Captain L, P, Safford, U.5.H. in his Higtory
of Invention and Development of the Mark II EGM:

\

Hebern has never received adequate recompense for his part
in the developmeni of the Electric Cipher Machine, He is the
original inventor. He brought his machine to the attention of
the Navy Department, built numerous models, and by his persever-
ance developed it to the point where it almost became a practical
machine. Hebern organized three or four different companies,
wiich went bankrupt in turn., He lived in poverty, and during
much of this period was supported by his wife who ran a board-
ing house, Hebern was put in jail by irate stockholders and
would have been much beiter off personally if he had not
invented the ECM or had not had any dealings with tie Navy




ment because in the opinion rendered in J,A.G. Conf. Lir
C-867/68 (8-25-W9) of 30 Sept. 19323 -

'Hebern has contributed substantial improvements in the
ciphering art and while his claims are limited and are believed
not to be infringed, yet there are several points of fact and
law that may be urged. Taking the decisions of the courts as
a guide, however, it is believed that eny decision on the patents
involved herein (Hebern #1,510,44), #1,683,072 and #1,861,857)
would be in favor of the Government,'

For additional evaluation, in the light of improvements made on
the Hebern converter, see Chapter V, page‘?é.
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CHAPTER IV. CONVERTER M-134-T1
For photographs of Converter M-134~Tl, see Tabs H, I, J, K, L, M, N, O, P,
A, General

‘The actual construction of models of automatic eryptographic machines
for the Army begins wita Converter U-134~TL., Converter ¥-134-T1 is a
highly portable unit (9" x 11" x 12", weight: 22 1bs. without batteries)
which constitutes the following principle parts: a keyboard (marked 4,
Tab K)g a bank of 26 letter lamps (marked 5, Tab K), a single rotatable
cipher wheel or rotor (marked 2, Tabs J and k), a key tape transmitter
(marked 1, Tab J), certain aasociéied solenoids and relays, énd a small
electrié motor, Eneiphenéent of é plain-text letter is accomplished by
depressing the plain-text letter of a message on the keyboard, which
action causes a lamp of the lamp bank to light, designating the cipher
letter, Thé c¢ipher letter must then be copied by hand. Converter
¥-134~T1l's single rotor serves to vary the connections between the con-
tacts of the keyboardvletteré and the lamps. ‘The manner in which this
single rotor accomplishes its function is explained in Section E. of
this chapter.

B, Invention '
Converter H-134~T1 was coriceived in 1926 or possibly 1925, by
William F, Friedman, Mr. Friedman revealed his original conception
for this machine to George A, Graham (then Chief Engineer of the Wire

Section at Signal Corps Development laboratories), who contributed

26
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THP-SECRES

sufficient detail to the original idea to be considered so-inventor,

new eonczptions
In the 1920's however -%m for oryptographic devices remained in the

form of ideas or sketches. Only a few individuals were vitally inter- .
ested and these were not, at the time, in a position to bring pressure

to bear in f_avor of either actual construction or allotment ofvsufficient

funds for adequate research.

C. Building and Preliminary Testing
of the First Model

Finally, on 1 July 1930, after Converter M-134~Tl had remained in

the form of a sketch for four years, the comparatively insignificant
sum of $1,500 was made available to Research and Engineering Division,
0C31g0, for building a cryptographic machina.l As a matter of routine,
this project was given to Signal Corps Laboratories, specifically the
Wire Section, for the working out of details. Since Mr. George Graham,
Caief Engineer of said Wire Section, was co—imrentqr_, of the machine,
it was convenient that he was at the Laboratories to personally super-
vige the building of the model. However, even with Mr. Friedman's |
congtant urgi.ng, through channels, to get the construction started and
the understandable interest of Mr, Craham, in addition to the fact that

‘the small sum of $1,500 had finally been allotted for the construction,

it was still very difficult to get it started. The reason was that

| 1. llemorandun for Major Crawford, from William F, Friedman, Signal

Intelligence 8ection, 5 Aug. 1930, "...on 1 July 1930 there became

. available to the Research and Engineering Division the sum of $1,500
for the development of c¢ipher machinery...." Source of funds is
not indicated in available correspondence.
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Spriorities® were ogtab_lished for the various projects in the labora-

tories and "cryptographic development work was at the bottom of the
list, or nearly so. The emphasis was on the development of radio
equipment and the absﬁrdit.y of spending millions of dollars on produc:‘%.ng
radio communications apparatus without spending at least a few thousands
on producing apparatus to protect these communications should have cer-
tainly been as clear as it was completely disregarded by those in charge
of policy in such matters."t This almost universal attitude that
development of eryptographic apparatus was comparatively unimportant
resulted in undue delays. First of all, unnecessary time was spent in
an attempt to decide whether the developmental work should be done by
a cormercial manufacturer. (Ironically, a commercial manufacturer was
congidered not in order to préd,uce a bette'r machine but so that the
development worlk would not interfere with other projects at the 1abor-
a.tories ) However, all time spent. en auch a consideration was wasted,
for "no commercial firm would have dreamt of undertaking any such
development for the very amall amount of money available."a
Finally, on 28 November 1930, the Laboratories 'recaived from the
Chief Signal Officer the directive to proceed, Almost a year later
(July 1931), the Laboratory reports showed such slow progress that the
following important memerandum, which registered a definite change in |

I, TFriedman, William F., "Draft of Brief History of the Development

of Cryptographic Apparatus in the Amy" filed Headquarters
Building, Historical Unit.
2. Friedman, op. cit.




attitude toward develcpmﬁnt of cryptegraphic apparatus, was written
by the Officer in Charge of Training Division.l

MEMORANDUM TO: Executive Officer (THRU Research and Development
Division)

1. According to the last progress report of the laboratories
at Ft. Yonmouth, the development of the cipher mechine, funds for
which became availlable on July 1, 1930, was but 20 per cent com-
pleted by April 30, 193l.

2, This Division regards the development of this ecipher
apparatus as of prime importance not only to the Signal Corps but
to the whole Army, as well as to the various larger administrative
offices of the military establishment, It believes that this
development should be prosecuted much more vigorously than has
thus far been the case.

3. The recent visit of the Assistant Chief of Staff, (-2, to
this office, during which over an hour's conference was devoted to .
a discussion of cipher machines and their development, leads this
Division to believe that the General Staff is vitally interested in
such a project as is now being carried on in this connection, and
that the Staff deems the completion, as soon as possible, of the
development of a cipher machine as highly advisable,

4. During the recent conference between Mr, Graham and Mr.
Friedmsn, on the occasion of Mr, Graham's visit to this office
last week, it was reiterated by the former that this development

can be persued only as vigorously as the low priority accorded
this project permits, it now being near the tail end of all wire
pro jects assigned to the laboratories.

5. For the foregoing reasons it is urgently recommended
‘that the priority now accorded this project be changed, and |
that the project be granted as high a priority as is consistent
with the development of other projecta of similar importance,

D, ¥. Crawford,
Major, Signal Corps

1. Hemorandum. boz Executive Officer (ﬁﬁﬁﬁ-ﬁaseareh and Development
Division), from D, ¥, Crawford, Major, Signal Corps, July 24, 193l.
Filed in Folder "Converter ﬁ-lBh-Tl SISDE-5%, Office of Director
of Communications Research.
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In response to this memoréndum, the priority assigned the
eryptographic development project was finally, on 12 September 1931,
"tentatively raised from Number 19 to 6 in the Wire Section of the
Laboratories® and the Laboratories were Minstructed to expedite the
davelopmsnb.“z |

Seven months later, in March 1932, wien the first model was at
last ready for inSpectioas at the Signal Corps laboratories, Mr. A
Friedman made a trip from Washington to Ft. MHoamouth, H. J, in order
to see and use the model and to discuss this and other patters with
Mr, Craham, #r, Friedman spent the better part of four days ab the
Laboratories--from Yonday afternoen, larca 21, through Thursday
afternoon, karch 24. Uonday afpernoon and Tueaday were devoted to
another matter.“ On Wednesday, March 23, the final touches were put
on the new Convérter 1~13,~T1 by Hr, Grahan's assistants, thereby

placing it in complete readiness for its preliminary test on Thursday

1. HNotation of informal routing sheet to: War Plans and Training
Division, from Research and Development Division of 0CSig0,

12 Sept. 1931. Folder "Converter H-134-T1", op. cit.

2. Priedman, op, cit. :

3. All information in this and the following paragraph concerning
tiis Mareh 1932 inspection trip was taken from the ¢ited memo-
randum unless otherwise indicated: MEMORANDUM TO: Executive
Officer (THRU 0,I.C. War Plans and Trainins Division and 0.I.C.
Research and Development Division), March 29, 1932, Filed in
Folder %"Converter i-134~T2, SISDE-5", Office of Director of
Communications Regearch.

L, LFMORAKDUM TOs Executive O7fiecer (THRU 0.I.C. War Plans and Train-

ing Division and 0.I1.C. Research and Development Division), from
William F. Friedman, March 29, 1932, "Imnediately after arrival,
Monday afterncon, and after reporting at headquarters, Fort Mon-

mouth, I had a conference with ¥r, Graham in regerd to the cipher
facsimile system of the German inventor, Dr. Wrede, for the purpose

of discussing the outlines of the conference to be held with the
inventor the next day, Tuesday...."
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morni.ng Mry Friedman perfomd the test hinself. by persomlly
‘ enciphering A plain—t.axt. moaaage of. 500 lsttera. Thia prooess re-
"';qwed 2 mut.es. . zven thougb the machine- performed aatiafactorily,
- .it.a slov rat.e of speed uaa a disappointmnt. 4 It t.ook 20 minutes to
.»:onciphor theso 500 lebtera, or in other mrdé the rate of apeed was
only 25 ‘letters per minute. 'fhia low rate of apeed wa.s causod by

- two. fact.orsx |

(1) the manual proceaaea involved < first selecting the proper

~ letter on the keyboard, noting the cipher letter on the
1ight bank, and writing down the cipher lstter,

(2) the slowness of one of the control relays.

It was thought by those present at the scene of the test taat
practice on the part of the operator would considerably improve thne
slow speed caused by the manual processes involved. However, improving
the speed of the manua) processes was contingent upon effecting a
greatly increased mechanical speed, Therefore, the possibility of ,
providing the converter with an adapter for this purposel was discussed.
In its ultimate form .this adapter was \to make it possible "without any
intermediate steps, t.o encipher, transmit » recaive, decipher, and print

iy (sic) Ho doubt  30-3% five-latter

cryptograma at. a high rat.e of apeed
:,.worda per mim;te, poasibl,y more.“z It. waa estimated that. 65,000 uould

- be roquirad 1n order to bund such an adapt,er si.nce mnch develo;mntal

1". -

1. Actmally tihe ada.pter diacueaed ‘eould not Tave produced the desired
- . 4norease in- speed ‘since its function was solely for production of
instantanecus ‘printing, The explanation of t.his stat.ement is
,giveninbhe textonpcgoaésm.sf RS -
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work remained to be done, Of coufse, it was absurd to expect the
money would be forthcoming and it was not, "+

However, minor modifiéations were made in the existent model in
an attempt to improve it and increase its speed of operation. These
changes took 9 months and in Jahuary 1933 the revamped model was
delivered to Washington for test.

D, Service Test
. During January 1933 this revémped.mndel of Converter M~134~Ti
wag sérvice tested.z The most important fact proved by this service
test was that the mechanical speed of the machine, determined by

1. Friedman, op. cit,

2. By what agency the Converter ~134-TL was service tested is unknown.
The final report of the service test, dated 28 March 1933, presents
the following information concerning speed and reliability of the
converter:_

Ueesoh tost of the cipher machine disclosed the follewlng:
a. Speed.

_ (1) The maximum mec¢hanical speed of the machine, determined
by depressing the same key repeatedly and as rapidly as possible, is
33 depreasions per minute.

(2) The maximum speed of encipherment or decirhement by an
operator working as rapidly as possible for a short length of time,
approximately five minutes, is 30 letters per minute,

(3) The average speed of encipherment or decipherment by an
operator working in a methodical manner for a fairly long period,
approximately 30 minutes, is 25 letters per minute. This average is
bagsed upon the actual encipherment and decipherment of 10466 five-
letter groups, equivalent to approximately 6000 letters.

(4) Comparative speed tests of Cipher Device M-9) and
with the Division Field Code, uging portions of the same test as
above, showed that the cipher machine is approximately twice as
fast as the M~94, but no faster than the Diviaion Field Code.

“b. Reliability. - In general it may be said that the machine
is quite reliable in operation, but the following mechanical fail-
ures were noted during the test:

For continuation, see footnote on following page.
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‘the same key repeatedly and as rapidly as possible, was 33 depressions
"per minute. Since the necessary minimum was 60 characters per minute

and the desirable optimum was 200 to 250 characters per minute, the
speed of the model was pitiably slow by comparison. The limitation on
its speed was imposed by the fact that the cipher wheel had to be dis-

‘placed through angular distances and brought to rest at & precise spot.

Sken the addition of a printing mechanism, which was again considered

after this second test, would not have added to the speed of the con-

verter to any great extent because most of the time lost in operation
was due to the necessity for waiting (a wvariable length of time in each
case) until the cipher wheel had stepped to the -proper position., Tais
delay would have intervened even if the entire operation from depressicn

Continuation of footnote 2 from preceding pages

(1) When the keyboard keys are allowed to come up slowly
after depressing, the cipher wheel occasionzlly fails to rotate and
orient itself to its next correct position. This failure seeams to
be caused by faulty action of the tape-stepping mechanism, and renders
all subsequent text incorrect. In normal operation of the keyboard,
however, this failure does not appear.

(2) Occasionally, the cipher wheel is braught to a stop
in a position slightly off that required to bring the contacts on
the wheel in juxtaposition with those cn the fixed disecs between
which it revolves. When this happens the lamps will fail to light
and the cipher wheel must be given a slight push by hand in order
to establish contact for lamp indication. ‘

(3) Unless the perforations in the keytape are accurately
placed with respect to the pins of the keytape transmitter, there
will be occasions when the transmitter pins will be set up for a
permutation either not represented on the ¢ipher wheel, or not
correct with respect to the tape., When this happens the cipher
wheel, in the first case, will not stop revolving, and in the second
case, will stop at an incorrect position., While the first case hap~
pened many times during the test, the second either did not happen
or if it did, remalned unnotieed, as it involves only a single-letter
error.
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of a key to printing of the character had been aubométic because it
“was an inherent feature of the co@yerter.l This inherent difficulty
| recognized, in writing; in both the préliminary (1 February 1933) énd
final (28 March 1933) reports of the service test, led to the logical
conclusion that Converter M-134-T1 be at least temporafily set aside
in favor of a naﬁ type design wihich would accomplish the neoessaﬁy
increase in speed. Stimulated by the disadvantages of the Converter
H-134~T1, its co-inventor William F, Friedman, conceived a new type
converter, the idea for which he presented in detail on 28 March 1933
as an attachment to the final service-test rep;rt on Converter M-13;4~Tl.
The descriptiﬁn contained in this attachnent was entitied #The Proposed
New Cryptograph“.

Tae result was that Converter M-134~T1 was abandoned and work on
the "Proposed New Cryptograph", which eventually became Converter
| M~134~T2, was begun.  (See Chapter V.) In the development of the new
converter, one faatﬁre of the old was retained, namely, use of the
random key tape, although, in the new machine, it was used to step
several rotors individually réther than, as in Converter M-134-T1,

to stop a single rotor.

1. inhis sentence and the one preceding are a paraphrase of paragraph
2a, "Preliminary Heport on Signal Corps Converter, Type M-134%,
dated 1 Feb, 1933.

S S I —
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E. Cryptographic Punctioning
For photographs and diagrams, see Tabs H, I, J, K, L, M, N, O, P.

Convarter M-134~T1 (Tabs H and 1) (9" x 11" x 127 Weighﬁx.zz 1bs)
consists of the following principle partst a keyboard (marked 4, Tab K),
a bank of 26 small letter lamps (marked 5, Tab K), a rotatable cipher
vheel (marked 2, Tabs J and K), a key tape transmitter (marked 1, Tab J),
cortain assoclated solenoids and relays, and a small electric motor,
This eryptographic machine has only one rotor (marked 2, Tabs J and K)
which revolves betweén two fixed end plates. The 26'keyboaré contacts
are wired, individually, to the 26 contacts of the left end plate. The
26 laﬁps of the lamp bank are wiréd individually to the 26 contacts of
the right end pléte. The large rotor between the two fixed end plates
has 52 brush type contacts, 26 on one side face and 26 on the other side
face (these contacts, unmarked, can be seen in picture of rotor, marked
3; Tab L), The contacts are equidistant from one another, The rotor is
wired crisscross, from the 26 contacts on one side of the rotor to tae
26 contacts on the opposite side, as'shewn‘in the wiring diagram on
the opposite page. The contacts are wired ;n pairs, meaning that if

contact 1 on the left side face (key side) is wired to contact 18 on

the right side face (lamp side) then contact 12 on the left side face

1$ wired to contact 1 on the right side face. (See diagram opposite.)
Since the current goes throuch the rotor only fram left to right, it

is necessary that the rotor be wirad‘ih this manner in order to produce
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reciprocity; in other words, so that if plain-text Q equals cipher-
text W in enciphering, then éipher-text W will equal plain~text Q in
deciphering. -

The path of the electric current in encipherment of a letter is

“as follows: From the contact of the key depressed to the contact to
which it is wired in the left end plate, to the touching contact on the
left face of the rotor, to the contact to which it is wired on the
righ£ side of the rotor, to the touching contact on the right end platse,
to the lamp to which it is wired,

The manner in which the contact on the left face of the rotor is
selected during the enciphering prdcass is as follows: When any
particular letter 0: the keyboard is depressed, the same contact of
the left end plate is always selected by that action. For example, if
Q of the keyboard is wired to contact«. 3 of the left end plate, then

_contact 3 of the left end plate will be activated every time the key Q
is depressed, The variation in the cipher letter substituted for the
plain-text letter Q is produced by the rotation of the rotor, Rotation
of the rotor causes different contacts of the 26 left face contacts

of the rotor to be prasented to contact 3 on the left end plate.

Cénverter}HAIBh?s only rotor revolves stap—by«step but continually
until it is stopped b& certain unusual factors. A key of the keyboard
can bé depressed only when the rotor is stationary which is the same as
saying that a letter can be enciphered only when the rotor is stationary.

A small electric motor turns the rotor, step-by-step, until a certain
37
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coincidence occurs which is described in the paragraph following,

On the wide periphery of the rotor are 130 pins arranged in 26
rows of 5 pins each (see rotor pin, marked 3, Tabs J and K). These
pins can be elevated into operative positions or left remaining in

inoperative positions. The reason for these pins is to allow simula-

- tion of the Baudot code. For example, according to the Baudot code,

the permutation of elements for the letter A is represented thus 12345.
The sign + indicates that a pin is to be elevated into its operatI;;.~
position; the - sign, that it is to be left in its inoperative position.
All the pins can'be arranged in operative or inoperative positions to |
correspond with any sequence of signals of the Baudot code. This
sequence may be varied at will, The function of the pins on tae periphery
of the rotor is to control the set of 5 contact-levers (marked 1, Tab K)
Jjust behind the rotor in such a way that when & pin is in its operative
position and therefore presents itself to £he contact lever, it presses
against the latter and causes it to ﬁake contact. Pins in the inopera-
tive position deo not act u?on these contact levers. The function of
the rotor pins'aﬂd contact levers ére further explained in the paragraph
following. |

The key tape transmitter functions jointly with the rotor pins
(see pin, marked 3, Tabs J and K) and contact levers (marked 1, Tab K).

A random Baudot code tape, conteining permutations for the 26 letters of

. the alphabet, is started through the tape transmitter (marked 1, Tab J)

at the right rear of the converter, Vhen the first character of the

38
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key tape is over the sensing pins, the motor driven rotor will con-

tinue to re%olve, step-by-step, until a Baudot code rotor-pin set up

(on the periphery of the rotor) exactly equivalent to the Baudot character
6ver the sensing éins in the tape transmitter is contacting the contact
levers. This coincidence opens two relays wﬁich stop the rotor. At

the moment when the rotor is thus stationary, the key may be depressed

and the current will go from the key contuet to the contact to which it

is wired in the left end plate, through the rotor by means of the

" contacts selected by this sirmlated random stopping of the rotor, to

the appropriate contact of the right end plate, to a lamp which lights

and thus designates the cipher l Mﬁér, This process is rapeahed for
each clpher lettera the most important feature of each eneipherment beﬂng
this simnla&ed nandom stopping of the rotor which effects a random
selection of the left-face rotor contact used for encipherment of each

letter.,

T Cryptographic Security
The following security evaluation of Converter li-134-~Tl was made

by Analysis Section, Methods Branch, Security Division.l The basic
woaknesses were presented cs followss
Since Converter U-134-T1, in effect, produces a total of 26 encipher—

ing alphabets from which one is selected by means of a random key tape

"The evaluation given here was made especially for this history by
Josephine Waggoner, 4nalysis Section, Methods Branch, Security
Diviasion., '
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for any oné encipherment, the syatem resembles a one~time pad system.

Consequently, if the disc and end plates are known, two messages in.
depth can be read. If the disc and end plates are uninown, multiple
depths can be read fairly easily since columns representing encipherments
with the same monoalphabet can be combined, However, since the square
of the one~time pad is réplaced by a cne rotor'deviée, this machine has
some additional weaknesses not inherent in the one~time pad system.
These are as follows:

1. If the fixed endplates are wired identically, the plain-
cipher text will be reciprocal, This reciprocal nature of the text aids
in erib-gsetiing since a letter cannot encipher itself. It also aids in

depth reading, since there are only 13 recigrccal plain-cipher pairs

- possible at any one setting of the'diée,

2. If the fixed endplates are wired differently, c¢rib setting is
possible even though the text is not reciprocal, Any twenty-six point
rotor must have at least one parallel wire., If it is randomly ﬁired,

it will probably have several parallel wires. (As many as 18 have been

found on a randomly wired rotor.) Any cne plain-text letter can thore-

fore have only 25 or less cipher equivalents. This fact can be used in
crib setting, since the missing cipher letters for high~frequency plain
letters such as B, T, 0, ete. can be readily. determined.

The following two specific problems were evaluated by the erypt-
a.nalystl as followst |

1. S8ee footnote 1, preceding page.
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First problem:

1. Given: a. Knowledge of the operation of the machine,
. b. Wiring of dise and end plates.
c. 7Two messages in depth,

-

2. Conclusions: a. The two messages can be read,
b, Relative stepping key can be recovered.

3+ Solutiont A deciphering table of the 26 possible alphabets
is made up. Messages can then be read in same
manner as twe in depth on a one-~time tape system.
Key recovered would be a relative sterping key.

Second problem?

1, Given: a, Knowledge of the operation of the machine.
b. Stepping tape.
c, 500 or more letters of matched plain and cipher.

2. Conclusions: a. Stepping tape can be matched.
b, Wiring of the end plates and dise can be
racovered.

3. Solutions Stepping tape is mabched to plain-cipher text by
using repeats, that is, occurrences of encipherment
of same plain letiter at same setting of disc, Once
stepping key is set, twenty~-six partial alphabets
are available for study. These alphabets are used to
recover Friedman table for the dise, from vhich a
relative wiring oi both end plates and disc can be
obtained. If end plates are known, recovery of disc

' 13 straight-forward.

Third problem:

1. Given: a., Knowledge of operation of the machine,
b 4 messages and plain-text of one if text is reciprocals
5 messages and plain text of one if not reciprocal or
8 or more messages in depth if text is reciprocal;
10 or wore if not reciprocal.

2. Conclusions: a. iessages can be read.
- b Wiring of dise and end plates and relative
stepping key can be recovered.

3. Solution: Partial alphabets obtained from depth reading are
used to recover Friedman Squara of disc as in Problem 2.
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- Gu° Patent

. camrtu- n-lsa-u is covemd by a uingle pat.ant., numbar
,028,772 (sea Tabil) s.asuad 28 Jammy 1936 t.o wmm F, me:x
| and Gaorge A, Graham. The applicauon was tiled 23 January 1932
when Hr. Fri.edman was a wber of t.hc Siy:al Int.el]_tgence Section of
t.he Offioe of t.he chuf 81gna.1 Ofﬁ.eer and Nr. Graham was an electrical
engmeer with the Sigxal Corps Laborat.orias at Fort llormouth, New
Jersey, As filed, the application contains fifty claims, forty of
these being directed to the apparatus and ten to the method by which
enciphemant‘ was accomélishod. The result of prosecut.ion'was the
allowa.nce of nearly all of the apparatus claims and the final rejec-
tion of all mathod claims 'rhe allowed claims represent excellent
patent;_ ‘Goverage of the invention. Title to the patent (2,028,772)
now mats' jointly with the inventors, the Government having retained
the custowary royalt.y-free s nonexclusive license to practice the

mvention .

- H. Gomglusions
e In evaluating t-‘le 1.mport.ance of Comtert.er M—l3l.-T1, it should
be !regarded as rapresmting the init.jal, eu:perimenta.l phases of a
: projoct to produoe 8 sa.t

aubomatic s rapid cryptograph“ 2 It. wag

| f "ﬁiis I.ni‘omation waa__fm'niahed Yy ﬁenry B, St.auffer, CEIer,
j- Patents Sectien. =i
?riedman, Op. Citv I.. Co
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preduced during a period when many unsuccessful attempts to produce
a rapid cipher mechine had been made by commercial manufacturers. So
far as is known, no automatic cipher machineé were, at that t.ime, in
'autual service either in cormercial or govemmental offices anywhere.
Gonverter M-134-%1 was the result of preliminary e@ermmts which
pointed in the direction of limitless possibilities at the same time
that they demonstrated the limitations of oné particular design.

| The most importmﬁ new idea of Cenverter U-134-T1 is the concept,
of the rondom Baudot code keying tape stopping a rotor. 7The idea of
- a random keying tape had been used before, but the concept Lo be

watehed is that of random characters (or random selection by electrical

impulses) used for the particular purpose of producing a random stepping

of rotors. In Converter M-134~Tl, this concept of rardom characters
(or random selection by electrical impulses) influencing the movement
of, in this case, _g_r_x_c_a_. rotor became so important in the inventor's mind
tieat consideration of needed secondary alphabéts was neglected. Howj-
gver, the concept itself {underscored above) is tremendously important.
In Converter H~-134~TL, the random keying tape was used to siwp a rotor.
Only a short step of imagination is needed to ses how this concept
became that of using a random keying tape to step the rotors of Con-
| verter ¥-134-T2, Looking many years ahead to the Converter H-134-C
itself, it is found that the keying tape is dropped as the specific

means of producing the random characters (or random selection by

electrical impulses) which serve to step rotors in a random fashion.
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but the principle of random characters (or random selection of
electrical impulses) stepping rotors in random fashion is never
dropped, but instesd is kept to be the most significant single factor

in the security of Converter M-134~C.




REF ID:A522328

CHAPTER V, CONVERTER M~134-T2
For detailed description and photographs of Converter M-134-T2, see
Tabs R, S, T, U, V, W, X, Y, 2, AA, BB, CC, DD, EE, FF, GG, HH, II.
A, General , |
The development of Converter M-134~T2 began in March 1933 immedi-
ately after the service test of Converter M-134~Tl. The Tl model was
not only too slow but it was belleved that the desired optimum of 200
teo 250 éharacters per minute could never be att,ained‘ by a machine operat—
ing upon its basic principle; that of an irregularly displaced cipher
wheel. ‘The'refore, the report on the gervice test of the Tl model
recomnended a change in the basic design of the machine and, attached
to the report, was a practical proposal for building a new model which
would operate on a different ‘principle. vTha new proposal offered a
particularly great advantage froé a practical point of view in that a
commercial cipher machine, already ‘in possession of the Office of the
Chief Signal Officer, could be modified to produce the cryptographie
technique which it outlined.  The machine to be modified was the
5-rotor Hebern Device, covered by Patent No, 1,683,072 (see Chapter III),
which had been cryptanalyzed by OCSigO in 1924. (See Chapter III,
“section B.) - -0
" The new proposal, the specific embodiment of which was to becoms
Converter M-13,-12, .evliminat.ed ﬁhe basic weakness of the Hebern machine,

1. "his office (WP&T of 0GSigl) can furnish a machine which will, i%
is bélieved, readily lend itself to modification for the purposes
in mind." Service Test Heport on Converter M-134-T1, 28 March 1933.

L5 .
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which was "the fixed character of the successive rotatory movements
of the cipher wheelé”.l This invariability of motion in the Hebern
device produced predictable relationships between the plain-text

characters and cipher characters for any given initial arrangement

of the eiphér wheels. The proposed new system eliminated this basic

weakness by substitution of a variable mechanism for displacing the

cipher wheels for the fixed mechanism of the Hebern nachine.  This
variable mechanism was a random Baudot-code tape (Tab U) running
through a tape transmitter (Tab U). It caused to progress in variable
relatio‘ns’hip'the five rotors (Tab U) which acted as switching commuta-
tors to establish a resglt.ant for each and every keyboard operation, \
The manner in which the Baudot-code tape effected random stepping of

the rotors is explained in greater detail below.

B, Cryptographic Functioning
The folloﬁing parts (arranged in two groups, (a) and (b), accord-

ing to their function) of Converter M~134-T2 must be explained in order
to understand the converter eryptographically: (a) a keyboard (Tab V),

five rotors (Tabs V and W) which act as switchi.ng‘commutators between

"two end plates, and a lamp strip consisting of 26 small letter iamps

(Tab V); (b) tape transmitter (Tab V), plug and jack strip (Tab V),

and assoclated magnets and relays. The elements just mentioned are

arranged in two groups because they belong to different functions of

T, Service Test TReport on Converter ¥-134-11, 28 March 1933.
" .
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the converter, The elements in group (a) provide for encipherment of
the plain~-text letters" The elements in group (b) provide the means
of stepping the rotors,

The encipherment of a letter by means of the elements in group (a)
is accomplished eryptographically in the same fashion in which it is
accomplished cryptosraphically with the Hebern converter: The path of

the electric current in encipherment of a letter is as follows: From
the contact of the key depressed to the contact to which it is wired
in the left end plate, £a the touching contact on the left face of the
first rotor, to the contact to which it is wired on the right side of
the first rotor, and on through the cipher maze in this manner (see
diagram, page7 )... to the touching contact on the right end plate to
the lamp® to which it is wired.

The above-described process of encipher@ent {as regards the path
of the cﬁrrent through the eipher magze) 1s that used in the Hebern
converter as well as in Converter ¥-134-T2, The difference—the all-

éggortént difference between the Hebern converter and Converter

M~134~T2~~ lies in the introduction of the éecond group of elements,
group (b), ébovez the tape transmitter (Tab V), plug and jack étrip
(Tab V),'and associated relays and magnets. Thesec elements of Con~

verter H»lBhQTz conﬁrol the atepping of the rchéra (Tabs V and W) in

randon, and therefore unpredictable, fashion (see paragrephrs immediately

I, This process causes tne lamp to be illuminated if only the crypto-
graph is in use; if the cryptograph is connected to the electric
typewriter, desibned for use with it, the designated letter is
printed on the page copy.




stepping of the rotors of the Hebern converter (see page i) is its
cryptographic weakness,
The function of the tape transmitter (Tab V) in Converter M-134-T2

is to step forword the cipher dises (Tabs V and W) in accordance with

' the Baudot-code key tape (Tab V). The tape operates the rotors as -

follows: The five sensing pihs of the tape ﬁransmitter are individuhlly
wired to five magnets waich, when energized, cause the aésociated rotors
to step. (F§r a detalled description of the "Cipher Disec Step Forward

Mechanien", see Tab Z.) The first sepsing pinl of the tape transmitter

influences the first rotor;t

the second pin influences the second rotor;l
etc. Vhen a tape 1s put through the tape transmitter, the first rotor
will step if & perforation ig directly over the {irst sensing pin; the
first rotor will not step if a "non-hole" position is over the first
sensing pin. The same is true of the second sensing pin and second
rotor, ete. For example, if the character of a Baudot-code tazpe placed
over tine sensing pins }s'+ - - = 4, then rotors 1 éﬁd 5 will move forward
one step while rotors 2, 3, and 4 will remain stationary.

A plug and jack strip (Tab U), consisting of 5 plugs and 5 jacks,

is provided for the purpose of changing the connections between the

sensing pins of the tape transmitter and the rotor-stepping magnets.

1. This relationship is accurate only if plug 1 Of the plug and jack
strip is in jack 1, plug 2 in jack 2, ete, For explanstion of
the variable factor which the plug and jack strip offers, see

- paragraph begianing "4 plug and jack strip..." on this page and
page L9. ’ .
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(See also description of plug and jack | sbrip, Tab B.) It is explained
above that sensing pin no, 1 controls the stepping of rotor no. 1;
sensing pin no. 2 controls the stepping.of rotor éo. 2, ete. In order
to vary this relationship, the plug and jack strip is installed in-

the 5 connections_batwean the tape transmitter contacts.and.the rotor

' magnets. By means of it, sensing pin no. 1 can be made to control

rotor no, 5 simply by placing plug no. 1 in jack no. 5 or it can be

. made to control any of the other rotors by placing plug no. 1 in the

Jack which 1s connected to the corresponding rotor magnet. By changing
the order in which the plugs are inserted in tne Jacks, the tape trans-
mitter can be made to control the rﬁtormsteppinﬁ megnets in different
order to a total of 120 different arrangements.

The diagram below ghows the plugs and jacks arranged so that sens—
ing pin 1 controls rotor no. 2; sensing pin 2 con@rols rotor noe 43
-sénsinz pin 3 controls rotor no. l; sensing pin 4 controls rotor 3; and

sensing pin 5 condrols rotor 5.
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At the tine that the proposal for Converter M-134-T2 was oifered
in March 1933, specific keying instructions were not provided. (The

‘keying instructions were first published in’September 1933. For key-

ing instructions by which Converter M-l134 was operated by using person-
nel, see page ) However, all tﬁé elements wiaich provided its
inherent security were offered in the first proposal attached to the
sarviee test report., it was not a gradual development as far as its
inherent cryptographic security was concerned. Comparatively, oﬁly a
very little‘devéloﬁmenﬁal engineering ﬁorkl was needed in order to
provide the specific embodiment of these ideas in the machine called

Converter M-134-T2,

1. An example of the type of developmental work to be done on Con-
verter [-134-T2 is evidenced by the following correspondence:

The service test report on Converter M-134-Tl, which document
contained- the propesal for Converter M-134~12, contains the fol-
lowing quote:

This office can furnish a machine which will, it is belisved,

readily lend itself to modification for the purposes in mind.

All that would be necessary would be to add to it the present

key-tape transmitter, five magnets, and associated wheel-

stepping mechanisms congisting of simple levers acting directly
upon the present cipher wheels. The modification suggested
might be accomplished in this manner within a short time and
without difficulty.

later, while SC Labs was in the process of building the model
proposed, there came a second suggestion, Sept. 2, 19333\ '

The following alternative to the use of magnets for stepping

~ the cipher wheels is suggested for consideration. Suppose a
motor is provided for continuously driving a shaft upon which
five cams are mounted in a line above the resnective cipher
wheels; the function of the tape transmitter is tien merely to
actuate five small magnets which, by interposing or withholding
small bars between the cams and their followers, control the
stepping of the cipher wheels by direct action of the shaft
drive. By such an arrangement it may be possible to provide

For continuation, see footnote on following page.
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C. Bullding of First Nodels
and Two Preliminary Tasts

On 12 April 1933, the Office of the Chief Signal Officer directed.

Signal Corps lLaboratories to proceed with the development of Converter
U=134~T2 by convarting{the“ﬂebern machine as proposed in the éttach»

ment to the aervide'iéét report on Converter M—lBkaTl.l (At the same

T Continuation of footnote 1 from preceding page:

speed, accuracy, and certainty of cipher whesl displacements
and at the same time eliminate certain of the disadvantages
of direct magnetic action of the cipher wheels, wiich action
night be too severs for smooth, long-continued functioning of
the assembly. Your comments on this suggestion are invited.
The answer received by 0CSiz0 from SC Labs, 18 Nov 1933, was as
follows:
vee3. In your lst Ind.of Sept 2, 1933... the suggestion is
made that a motor perform the actual work of stepping the discs
forward by cam action under the selection of the magnets.
This suggestion is well within the realms of practical applica-
tion and 1s certainly not new in any respect, being the basic
consideration of most printing telegraph machines and electrical
typewriters, However, the application of the motor, the
magnets, the selecting bars, the cam shaft, and the clearing
features (restoring of the selected bars to normal) requires
a combination of electrical and mechanical details which would
necessitate considerably more time to construct than the
relatively simple direct magnet action, assuming that the
direct magnet action can be made entirely practical and positive
in performance. Obviously, then the logical procedure is to
first thoroughly expl. it the simpler consideration, and to hold
in regerve other eonsiderations, in which case the motor drive
is one possibility.

1. lLetter, Subject: "Converter M~134~T1M, To: Officer in Charge, S c.
Laboratories; From: Hugh Mitchell, Haj. S5.C., Signed “By arder of
the Chief Signal Officer", 12 April 1933.

1. There is attached a copy of the report of service
test of Converter, type M-134~T1 which indicates that this
model is not satisfactory due to its inability to operate

.at the speed decired.  The service-testing agency has recom—
mended that a new model of a Comverter, type M~134 be con-
structed by converting a commercial cipher machine as recom-
mended in the attached proposed cryptographic machine.

For continuation, see footnote on following page.
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tipe "military characteristics” of a cipher machine for use in
message centers of divisions and higher headquarters, describing
the basic features of the Converter M~134 development were drawn u.p.)l
In accordance with the directive, an inatrumént maker at Signal
Corps Laboratories devoted his full attention to conversion of the
Hebern device into Converter M~134-T2, In March 1934, the revamped
Converter was pronounced by the Laboratqries as ready for service test
and between then and 14 July 1934, it was given a preliminary test in
the Office of the Ghief Signal Officer, e report (L July 1934) on
this preliminary test stated that the machine had proved to be "very
satisfactory as regards its cnyptOgraphic‘funetioning". It was

“Gontinuation of footnote L Lrom preceding page.

2. It is desired that your Laboratoriss proceed with
this development by converting the eryptographic machine
wiich was delivered to your Laboratories by Lieut. Elder
on March 30th, in accordance with the attached preposal.

3. This office should be kept advised of the status
of this project, and any commenis or recommendations rela-
tive to the attached report or proposed new cryptographic
machine should be submitted to this office with the least
practical delay.

1. "These characteristics have not been submitted to the Signal
Corps Technical Committee, inasmuch as it is for sple use by
the Signal Corps, and in vew of the fact that the project is
considered as confidential., Howevepr, these characteristics
have . been approved by this office and should govern you in

this development.” CONFIIENTIAL Ltr, WD 0CSigO-311. 5~(M—13h),
Subject: Converter M-134, 12 April 1933, Sewsisb

52
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returned to the Laboratories with a list of supgested changea.l
In March 1935, the process report of the Laboratories stated that
the Converter M-134-T2 wags again ready for ¥est. Due to the fact

- that the Laboratories were then in the prowess of roving from one

location to another, the test was postponed until early May. On

15 May 1935, the War Plans and Training Division of 0CSig0 completed
its study of the converted Hebern model and concluded that the device
wag then "in satisfactory shape to warrant the purchase of at least

six additional models for service test".2 Also, additional suggestions

1.  Letter, To:s R&D Division, Froms Henry L. P. King, Capt. S5.Cs,
1, July 1934, Folder Ho, 2, M~134, M-134-A, Specifications.
This letter directed that the following list of changes he sub-
mitted to Signal Corps Laboratories:

a. Remove PStart-stop" switch lever on the key tape
transmitter. Tals is unnecesaary and its removal will
lesgen the pogsibilities for improper functioning of the
machine, ) : )

b. Hemove "On-off* switch lever on the key-tape trans-

mitter, for the sare reason as under a.

¢, HRemove one set of connection-changing plugs and
jacks at the rear of the cryptograpn., Only one set is
necessary to accomplish the purpose for which these are in-
tended. The plugs should be nunbered from 1-5.

d. Provide means for rotating the cipher wheels back-
ward or forward by hand, for ease in setting up a keyword.

e, Add a letter counting device, which can be reseb
to zero at will by a simple hand operation, so that the
nunber of letters cryptographed can easily be checked.

f. Insulate key bars of keyboard from the frame.

2, Memorandum, For: Maj., Cotton, B&D Division, Fram: S. B. akin,
Major, S.C., 15 May 1935. Folder H~134, Specifications.




e
in the line of enginesring development were made,l

1. The following suggestions were made by WPGI, Oésigﬁ (Hemo, For:
Maj. Cotton, R&D Division, From: S. B, Akin, Haj. .C., 15 ¥ay 1935.
Folder ¥-134, U-134-A, Specifications):

a. The keyboard of the cryptograph should be made standard and
the space between the keys should be made approximately equal to

. that on a standard typewriter keyboard,

b. For greater surety of electrical continuity across the five
¢ipher wheels, the latter should be modified in whatever respect
necessary to accomplish the purpose.

' ¢c. Ueans should be incorporated in the apparatus, g0 as to pre~
vent the typewriter from operating more than once per depression of
a key of the keyboard of the cryptograph. This means that some sort
of a locking circuit or a locking mechanism will have to be provided.

d. HMeans should be incorpeorated to prevent the typewriter from
printing a character unless the tape transmitter is alse actuated.
This may be accomplished in any manner which will insure that no
printing will occur until the key that is being depressed on the
cryptograrh keyboard has reached the limit of its trawvel. At present .
tae printing impulse occurs at the time when the depressed key has
progressed only about 1/3 of the full distance of its travel. On
hearing the striking of the type bar, if the operator releases the
key and proceeds to the next depression, the tape has not gtepped
forward nor have the c¢ipher wheels been moved as they should have
been moved. As a consequence the enciphering operator, by incom-
plete depression of the keys, may cause the printing of cipher
characters without accompanying stepping forward of the key tape
and cipher wheels: the deciphering operator, however, not having

- any way of imowlng when encipherment occurred without any tape and
cipher wheel step-forward operation at the enciphering station, will
not be able to decipher the message. Of course, instructions for
operating the apparatus may emphasize the necessity for completely
depressing all keys to the full limit of their travel; bubt it is
tarough best to provide an automatic means of onvmatlng this
difficulty if possible. ‘

.« .After these service test models have been procured the next
steps in the development of this project Should consist of atudies
regarding!

a. Methods for the production of the key tapes.

"~ b, Improvement of the tape transmitter. The transmitter now
in use wag designed for use in a start-stop printing telegraph
system and presents the art as it existed twenty years ago. Ko
doubt a better transmitter, more suitable for the purpose for which
it is intended in Converter Type K-134-T2, is now available on the
market or can be more or less easily designed, the latter to use
the brush-sensing principle employed in modern tabulating machinery.

For continuation, see footnote on following page.
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Alt‘zough the first report recommended the purchase of "at. least
6 additional machines“ ,l this number was later modified to two nodels,
to be built. by Signal Corps Laboratories. The two new models were

completed and available for service test by June 15 s 1936.

D, Service Test

Vinen the two new models were completed in June 1936 (see Section
'C above), plans vere madé during the next few months for testing of
Converter M-isz,-m by using the two machines for exchmgé of measages
betwsen two distant points. To accicmplish t.his type of test, Mr.
Willian F. Friedman took one of thd machines to Pansma by ship, leav-
ing New Y;)rkcif,y on October 36, 1936, The other model was placed in
the message center of the Office of the Chief Signal Officerk. Al
preliminary arrangements for this test were completed by early November
and from 7 until 23 llovember, inclusive, many cryptbgrams were exchanged
| between Panama and Washington. Thié service test demonstrated that the
new cipher machine was operable at the rate of 304.-35 words per minute
 and that it afforded "the highest degrse of eryptographic sacqrity“.z

%nthua’ticn oﬁoo‘tnot.e 1 from preceding page.

In particular, it is desirable that the tape transmitter mechanism be
such as to cause as little wear and tear on the tape as posaible,

If this can be accomplished, the life of the tapes will be very

much extended and will by that much make the system more succeasful.,
Possibly a tape stepping mechanism similar to that used in motion .
picture projcotors offers good opportunities for application.

1. Ibid.

2+ Notes on Preliminary Service Test on Converter M-lBh—T?. s filed in
Folder 3, Converter M~-134, M-134-A, Procurement, (t’*ru 1940) ,
CSGAS-80., ,
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Only minor difficulbies manifested ahemselveu during the Panama-
Washington test conducted between 7 and 23 November 1936 (see Section

D above). As a result of this test, the Converter M-134 was recom-

1
nended for adoption as standard. with a number of modifications and

additions, One of the two models used for the test was returned to
Signal Corps Laboratories where the suggested modifications and |
additions were incorporated, Based upon this model, specifications

for quantity production were drawn up, A% about this time the designation

of the test model, ¥-134-~T2, was dropped and the machiﬁe was henceforth
called Gonverter M=134,

E. Patentz

Application for Patent Serial Number 682,096 (see Tab JJ), of William
F. Friedman covers Converter M-13/~T-2, Converter M-134, and Con-

The application was filed relatively earlv, 25 July 1933, and contains
probably the first disclosure of a rotor n'ihine controlled by an
externally generated key. Specifically, the application discloses a
five-wheel machine in vhich the wheels are stepped depending upon the
presence or ahsence of perforations in & tape, the tape being provided
with a succession of Baudot code groups. More broadly, the invention
contenplates means assuring substantially aperiodic stepwise dis-
placerents of the sewveral rotors. .

Although numerous claims have been allowed, the appllcation is con~
sidered classified and is under a Patent Office secrecy order.
There is no likelihood of the early issue of the patent.

HENRY B. STAUFFER
Chief, Patents Section
CSGAS~T1

1. For details concerning adoption as standard, seagﬁhaptgr Vi,
Section B, page Veleziic.

2. This paragraph was written by Henry B, atauffer, Chief, Patents
Section, CSGAS-71.
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TAB A

- Converter M=l3/-~C
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FIG. |
1. Tape chute ‘ 5. Side tape chute
2. Cover lid 6. Stroke counter
3. Controller 7. Name plate with register number
4. Tape retaining arm 8. Print hammer
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Converter M-134-C
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FIG. 2

11. Tape feed roller

9. Ribbon shift lever

10. Type wheel

12. Zeroize-operate key




TAB C

Photograph of Converter M-134-C

(showing especially the index,
control, and cipher rotors)




FIG. 4

17. Index rotors
18. Control rotors
19. Cipher rotors
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Memorandum to Chief of Staff

Subject: The clevalopmnt of an indecipher-
able printing telegraph cipher
for military purposes.

Fron: The Chief Signal Officer
September 11, 1918
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September 11, 1518

MEMORANDM for The Chief of Staff:

Subjectt The development of an indecipherable printing-
telegraph cipher for military purposes.

. 1. For many years experts in different countries have been at
work more or less continuously, or the development of aome form of
secret telegraph cipher which could not be deciphered by outside
agencies and which would, therefore, male possible the tranamission
by telograph of the most secret messages involved in military opera- -
tions, without any chance of these messages being interpreted.

2, A satisfacﬁony aoiution of the problem presupposes a gystem
involving the transmission of electrical impulses over the line
waich cannot be deciphered even when intercepted.

3. Modern military operations have reached such a se¢ale and
extend to such an enormous terrain that, in the absence of a suitable
cipher, a very large volume of telegraphic business must be conducted
in some form of code, The use of this necessary code hos reached suech
& gtage at preseat, in the different departments of war, as to involve
a tremondous amount of expert labor in coding and decoding these mes-
sages. The delay in this necessary operation is a serious menace to
the prompt transaction of military business, So far as is known, all
previous efforts to cbtain an absolutely indecipherable cipher have
failed even in the hands of the most expert cryptographers. In the
conduct of a conflict like the present war, the large volums of daily
business has to be coded and decoded doily between two continents,
involving great expense and the services of a large personnel, Uot
only is this a serious burden to the strictly military departments,
but exactly similar conditions obtain in diplomacy, propaganda work,
Departuent of Justice investigzstions, market reports, and nany other
activities of a confidential nature required in the conduct of the war,

Ls Some months age the Chief Signal Officer placed tinis particular
problenm of evolving an indecipherable printing-telegraph cipher before
some of the best telegraph engineers of this country and the Engineer-
ing Department of the Chief Signal Officer's office under the charge of
Lieutenant Colonel J., O, Mauborgne, was given direct charge of the
development with instructions to cooperate, criticize, and to place at
the disposal of these telegraph engincers all the cipher knowledge
at the disposal of these telesraph engineers all the cipher knowledge
the Signal Corps possessed. Tals work was undertaken vigorously by
the engineering staff of the Signal Corps and the engineering staff
of the American Telepgraph and Telephone Company, with the added

LOPY |  -SEeRE—
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assistance of the cipher experts of the Military Intelligence Branch
of the General Staff, who have cooperated tiwoughout this developzent.

5. The result of these efforts has been the development of such
a gystem of cipher printing-telegraphy, and this system has now been
installed for official tests between the Signal Corps laboratory
1710 Pennsylvania Avenus, Vashington, D, C., and 463 Wiest Street,
New York City, where trained personnel, consistinz of Signal Corps
enlisted men, are now operating this apparatus with entire success,

6. The printing-telegraph, without cipher attachment, is now
already installed in France extensively and is used in the conduct of
official business between Headquarters A. E. F. and Headguarters
8. 0. 8, in France, and also between London and Headquarters S. 0, S,
direct over a cable laid across the English Chennel by tie Signal Corps.
General Porshing has recently csked for additional equipment for
thirty oore stations to be installed in the milibary telegraph systen
of our oversea forces,

7. The cipher apparatus already referred to has been designed,
therefore, as an addition to the existing printing-telegraph system
now in operation, and if adopted and approved by the Chief of Staff, cipher
printing-telegraph units can be shipped and installed at any otatlon

‘where the mrlntingwteleuraph is now used.

8, This cipher apparatus, having been developed in the United
States, is not known {0 our forces overseas, and the first line has

" been installed for the purpose of determining whether or not this cipher

is thoroughly practicsl and adequate for wmilitary serwvice, to super-
sede the present laboricus and slow metiheds using code,

9., It is recommended that tiwls model installation now in operation
be immediately examined by a committee of the General Staff, with a
view to determining, at the earliest practicable moment, whether or
not this apperatus should be purchased and installed where necessary,
both in this country and overseas.

-

¥ajor General,
Chief Signal Officer of the Army.

1 Inel.
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. TABE

Patent No. 1,510,441
Hebern, filed: Mareh 31, 1921
issued: Sepbtember 30, 1924

Includes description of Hebern Rotor




TAB F

. Patent HNo. 1,683,072
Hebern, filed: Hovesber 20, 1923
issued: September 4, 1928
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B &

© Hebern Electric fode Machine
(presented to Amy in 1923)
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TAB R

Fhotograph of Converter H-134~T1
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TAB I

Paotogreph of Converter M-134-T1

Boar View
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TAB J

Photograph of Conwverter .%'-1.3&.-*?1

Rear view, oover removed.
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1, Tape transmitier
2. Hotor
3. Rotor pin




CONVERTER M-134-TL
REAR VIEW
COVER REMOVED
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TaB K

Fhotograph of Converter 16-134~T1

Top view, cover removed.
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1.

Contact levers

Hotor

2.

pin

¥
S

Rotor

3.

Eeyboard

ho

Lamp bank
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CONVERTER M-134-T1
ToP VIEW
COVER REMOVED
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TAB L

Pnotogranh of Gonverter M-134-TL

 Partly dismentled; top view
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1. UClp
2. U Cip

3. Rotor roaoved from converter
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CONVERTER M-134-T4
PARTLY DISMANTLED
ToP VIEW
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TAB M

Photograph of Converter H-134~TL

Right side view, cover ronoved
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1. . Tape siﬁepping centacts




CONVERTER M-154-TL
PIGHT SIPDE VIE W
COVER REMOVED
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1.

2.
3.
he

Individual keyhoard key contact
Keyboard locking magnet
Lock-out ber

Universal bar

ot
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Photograph of Converter M-134-T1

Left side wiow, cover renoved .
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Glutch diséngaging pagnet (stop magnet )

Armature of stop magict
Paul in normal poeition
Slide bar

Hatechet waeel attached bto rotor shaft

Driving side of positive clutch




CONVERTER M-134-T1

LEFT SIDEVIEW
COVER REMOYED
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TAB P

Three Drawings of Converter M~134~TL

Figure 1 - Wiring Diagram
Figure 2 - Plan of Wheel Stepping Pawl
Figure 3 - Side Elev. of Cipher Wheel (Rotor)
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TAB Q

Patent Ho, 2,028,772
(covers Converter M-134~T1)
Issued Jan, 28, 1936

to

William F. Friedman
and
George A, Graham
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- TAB R

“Converter U~134~T2

and '

’Electrica.l’ Typwriter o
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Detailed Description of Converter M-134-T2 and Associated Electrical Typewriter. - Converter M-134-T2
(11" wide, 167 long, 9% hign; weight 35 lbs.) in conjunction with the properly modified electrical type-
writer (15" wide, 17" long, 11" hign; weight 43 1bs.) constitutes an electromechanical machine by means of
wiich messages may be enciphered or deciphered automatically up to speeds of about LO words per minute,
Converter ¥-~134~T2 may be used to encipher or decipher messages without the electrical typewriter., In
this case instead of the cryptograpnic resultant of the converter keyboard operation being printed by the
electrical typevriter, each resultant character ls indicated by lamp illuaination on an alphabetically
degignated lamp strip.
Briefly, the cryptographlic security of the converter is effected by the fellowmg features:
. |..&% A celluloid bape, with pin holes punched in the five-unit code controlling a tape transmitter Lo
P gress in variable relationship five cipher dises (or rotors) as switching commutators to establish s
gultant for each and every keyboard operation. Bach resultaat thereforc depends upon the initial pos
it of the key tape in the tape tranamitter, upon the initial setting of the cipher discs and upat:,ww .
'gu;ent. positiona of each,
BT ____Q: lug and jack strip which comprises a switching means for establishing various connectio;;iém
en: the tape transmitter and the eipher discs. o e |,
The powsr facilities required for operation of the Converter M-134-12 and the electrical t.ype‘grz. gr";,
fre 110’ volts d.c. with a capacity of at least 250 wattis. el

Converter M-134~T2. - Reference Tabs Q te ¥ inclusive. The converher comprises a base frame, \ﬁ%-“"'
;1 keyboard operation counter, keyboard universal bar contact combination, five rotatable cipher d
ope '%inr" between stator elements, encipher and decipher reversing switch, five cipher disc step-forwa:
maghets, tape transmitter, plug and jack strip, lamp strip, lamp resistance unit, one slow-release re
mulfidontact terminal strip for connection to the electrical typewriter, power smtch and lamp switch.,“ _z
powgr plug and cord, power fuse and incidental wiring. QIETREN! P
Bage Frame. - The base frame comprises a modification ef the Remington noiseless typewriter as manu- f
factured by the Rezaingt.cn Noiseless Typewriter Works, iiddletown, Conn. All eléunents of the converter
are [mounted on this frame in order to employ a commercially available structure insofar as practicable.
Plug and Jack Strip. - Reference Tabs R and DD. Five plugs, cords and jacks are provided which are
installed in the five connections betwecn the tape-transmitter contacts and the cipher~disc magnets. The
plugs are connected to the tape-transmitter contacts and are numbered accordingly from 1 to 5 inclusive,

The jacks are connected to the cipher-disc magnets and are also numbered respectively from 1 to 5 inclusive.
Accordingly, these connections may be patched across as desired and changed at will as a variable feature
tending to further extend the cryptograpiic security of the mchine. All stations must agree in this
respect.. .
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For continuation, see Tab S.
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Fig. 1 - Converter M-134-T2 and Electrical Typewriter




REF ID:A522328

TABS

' Converter ¥-134-12

Front View

{
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Continuved from Tab R.

Lamp Strip. -~ Reference Tab R. The lamp strip may be used for the indication of resultants when the
electrical typewriter is not used. The laups are mounted beneath a bakelite strip which is provided with
lettered opalescent inserts. One spare insert is also mounted on the strip to preserve the symmetry of
thyee combination. The lamps are rated as 2.2 volts, .25 ampere Tung~Sol flashlight bulbs, non~focusing, as .
shufactured by the Tung~Sol Lamp Vorks, Inc., Neward, Few Jersey, or cqual. A 400-ohm resistance unit is

Keyboard. - The standard typewriter keyboard is used, so that the operator will not be required to
arnga speclal keyboard. All keys other than the 26 letters of the alphebet and two blanks are omitted!
p-two blank keys are blocked up inoperative and are provided in order to make the plan view of the -
. kefbofrd symmetrical as well as providing guide keys for the normal position of the operator's hands. , Iz,f“;
=other words the keyboard is restricted to the 25 letters of the alphebet. Each key bar is provided wmri« B
aza;' on%;act. extension mich operates into con tact jaws. BElectricaliy all lkey bars are connected in common :}J}
i p Até of the anciphermp—deciphermg, raversing switeh. 'I’he individual ecirenits are connected tnrougiriﬁhﬁa@
t(:ﬁ and then through tne cipher disc combmation to the glectrical typewriter solenoids or the la.mg.ia -
iag|the case may be ‘I’he key contact jaws are of tiie wiping typs and should give a ninimun of trouble. =

Keyboard Universal Bar. -~ The keyboard is equipped with a universal bar mounted transversely and-
.cbikv beneath the key bars and it is actuated by the depression of any of the keys. The depression
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___Eyboard Operation Counter. - This counter is provided to record the number of keyboard operatiaus =4
check arpinst the number of characters printed; the number of step-forward positions of the key ‘
.and the number of characters in the nessage or the cryptogram as the case may be. The counter may

.é stored to zero at any time by manual operation of the reset lever.
Keyboard Universal Bar Conbact Combination. - These contacts are in "make" relationship with the

universal bar in such & monner that the dopression of a key causes these contacts to close before the
individual key contacts are closed, 1t is important that this relationship Le preserved for proper
operation of the machine. Upon permitting the key to rise (return to nmormal) the universal contacts
open after the individual key centacts epen. The function of the universal contacts in the circuit is

shovm in Tab DD.

For additional description of pax"ts, soe Tabs R, U, ¥, Y, 2, A4, BB.
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Fig. 2 - Converter M-134-T2, Front View
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TAB T
~ Converter H—~13h¥~T2 :

{

Rear view, tape transmitter removed
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For detailed descfipticn of Converter 1~134-T2
see Tabs R, 8. U, W, Y, Z, AA, BB
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Fig. 3 - Converter M-134-T2, Rear View, Tape Transmitter Removed
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TABU

Converter H-134-12

} Rear View

/\

Covers Removed
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Slow Relsase Relay, - Reforence Tabs T, X, and DD. The function of
this Telay is to energize the cipher-disc stepping magnets for sufficient
time to insure a compleote core travel and to subsequently clear the eircuit
to the normal or open state. Tals relay is of 1300 ohms resistence and is
equipped with a copper slug for slow release. The contacts are an applica~
tion of the Burgess inclosed type microswitch. These contacts have proved
very dependable in service and should require no attention.

. For additional detailed deseription of Converter M-134-12, see
Tabs R, S, W, Y, Z, AA, BB. |
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—SECRET—

Fig. / - Converter M-134-T2, Rear View, Covers Removed
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- "TABY

Gonveriter H-l3,~-T2

"~ Plan View .
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For detailed description of Cenverter M-134-T2

see Tabs B, S, U, W, Y, Z, AA, BB
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Fig. 6 = Camwerter N-134-72, Plan View, Covers Removed
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- TAB W

Converter Li-134~12
‘Plan View

Covers Hemoved
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Gigger Discs. ~ Reference Tabs V, W and GG: The converter is
equipped with five cipher discs positioned to rotate hetween six

stator heads as distributors or commutators, Four of these stator heads
separate the cipher discs and are provided with distributor faces against
each cipher disc. Two end stator heads are provided with distributor
faces internally contacting the end cipher discs and externally by means
of stud temminals are connected to the key contacts and the dectrical
typewriter solencids or the lamps through the encipher—decipher reversing
switeh, Each cipher disc presents 26 segments on each face vhich are in
contact with 26 spring and ball contacts on each stator head. The con~-
nections through the stator head are direct. The segments on one face of
each individual cipher disc are wired in random fashion to the segments
on the opposite face of the disc. The particular wiring for each disc
and for tie combination is shown in Tab GG, The exposed periphery or
band of each disc is designated in 25 positions alphabetically from A to
Y, the 26th or Z position being designated by a numeral, The numerals
serve to identify the disc in addition to indiecating the 26th position.
Each dise is readily removable and interchangeable with any other disc.
Ho through shaft is used, cach dise being rotatable upon & spring
tensioned ball in the center of the stator heads, and in removal any
particular dise is simply withdrawm from between the stator heads. In
addition to the desipnation band each disc presents a scalloped edge

for two purposes; i.e., to facilitete sebring of the discs by hand, and
also acting as positioning centers in conjunction with the step-forward ~~
mechanism. In setting the dises to an initial position they moy be
turned in either direction by depressing and holding back the button
extensions of the step~formard pawls loczted directly behind each dise
position. As regards electrical continuity through the combination of
disc and stator heads there are 26 wires connected to each end stator head
and 26 circuits through the discs no matter in which position the dises
happen to stop. It will be seen that 26 through circuits are provided at
all times even thouzgh the relationship of all circuits is altered by any
disc movement. One particular circuit is traced through the combination
in Tab GG.

For additionél detailed description of Converter k-134~12
see Tabs R, S, U, W, ¥, Z, AA, BB.
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Fig. 6 - Comwerter M-13,-T2, Plen View, Covers Removed
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Converter M-134~T2

Plan View, 2 cipher discé removed.
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For detailed description of Converter H-134-T2

see Tabs R, 5, U, W, ¥, 2, A, BB
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Fig. 7 - Converter M-134-T2, Plan View, 2 Cipher Disks Removed




REF ID:A522328

TAB ¥

Converter 15-13,-~T2

- Bottom View, Covers Removed,
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Encipher-Decipher Reversing Switch. ~ Reference Tabs X and EE,

This switch is mounted beneath the keyboard ~nd is operated through
8 rack and pinion drive, the pinion being extended to a kneb in
front of the keys. The switch acts as a conbination of 26 double-
pole, double~tirow switches in the 26 circuits from the key contact jaws
through the cipher-disc combination to the typewriter solenoids or
lamps as the case may be, and it functions to reverse the cirher-disc
combination in these circuits. This fecture is necessary in order to

maintain the reciprocal relationship between the resultant obtained
- in encipherment with respect to the resultant reguired in dscipherment.
As an cxample and as ghown in Tab EE, with the switeh in encipher
position and striking the 4 key results in the printing of a G. Taen
wlth discs in the same position and switch thrown to decipher position,
the striking of the G key results in the printing of an A.

For additional defailed descripﬁién sea Tabs R, 8, U, W, ¥,
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Cipher Disc Step Forward Mechanism. - Each of the five cipher discs are equipped with individual
stepping mechanisms comprising a magnet solenoid, tension spring, step-forward pawl, and location
roller. The individual magnets are operated by the tape transmitter. Upon the circuit being closed
through a given magnet, this magnet. draws down the core building up tension in a spring and near
the end of the stroke a step-forward pawl is drawn into engagement with a ratchet tooth on the
pertinent clipher disc. Upon deenergization of the magnet the power stored in the spring is delivered

< _disengaged. A location roller and arm is properly con;}nnctmned with this action to definitely
. “establish the stop position of the cipher disc. This roller is beneath the cipher disc and falls

i

ieipher discs in order to facilitate the rotation of the discs by hand. The buttons should be
~depressed and moved to the rear when disengagement is desired. ’

For additional detailed description, see Tabs i, S, U, W, Y; Z, AA, BB'.

A..mﬁnt,o the scalloped edge on the periphery of the disc, The step~forward pawl arms are extended thrmlgp
“ the cover of the converter inte buttons to permit the msnual disengagement of tiae pawls from the

S

-~ %o step forward the eipher disc through the step~forward pawl after vhich the step-forward pawl is - = 3
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TAB AA .

Converter U-134~T2 -

Tape Transmitter
Featuring Contact Combination
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‘I‘a@ Transpitter. Rai‘. Tabs Z and FF.,

(1) This wnit is a modifled Vestern Electric Co, multiplex transmitter 1-B as used commerclally
in multiplex printing telegraphy. This transmitier operates on the five-unit code from a perforated’
tape to establish five contaet combinations in marking or spacing positions dependent upon the arrange~
ment of the code perforations in groups transversely disposed on the tape. There are 32 different
permutative possibilities in the five-unit code. Tne tape is provided also with a continuocus series of
perforations in line leongitudinally, the spacing beln; identical with the spacing between code groups
to permit progressing the tape consecutively from one code group to tue next. The tape transmitter i .
lesulpped with a tape groove and guide; a Jatched die to permit inserting the tape at any desired code oy

grwp, a step-forvard star wheel engaging the step-forward holes of the tape; five code pins conjunt e <
t’ii.: yﬂs'h the code~group hole ‘positions of the tape and opemtive upon five contact levers in marking-spadse =
S “Zsit.lons, and a magnet acting to depress all five code pins from tape engagement and to step forwarx
1@’ taps by ratchet movement on the star wheel to the next cocde group, after vhich tae code pins aré.-} o
Ibosed to assume their tape dictated positions. Vhen a code pin is held down by the circumstancelo A’L,Jg]
R - hele in the tape, at that time tihe associated contact lever is held agamat the spacing-contact bus

On*&he other hand, when a code pin is permitted to rise through a hole in the tope, the contact levs:
s-fmoved over ‘to the narking-contact bus.
| (2) The modification of the tape transmitter co: ypx-ises the addition of a contact combination =%
_._ ijoperated by the magnet armature and a wiring rearrangement to uﬂl&,}t’a the unit for its proper function '}
o gg]m“”tne converter. !
e (3) The function of the tape trananitter in the converter is to step forward the cipher discsj.g N
E;cavrdance with the key tape. The key tape is made of celluloid rother than paper in order to permit |~
longer repetitive use. Each code group of the key tape establishes, through the code pins and contact
levers of the tape transmitter, circuits energizing the pertinent cipher~dise magnets selected which

=T

i

act to step forward the pertincnt discs one position, leaving the non-selected magnets in normal position.
The circuits from the disc magnets to the tape-transmitter contacts are connected in series-parallel with
respect &6 the contact combination of the tape-transmitter magnet, in order that the dise magnets be not
energized until after the tape has been stepped forward and all pins and conbtact levers are in positien.
The necessity for this tape~transnmitter, magnet-contoct combination depends upon whether or not the
comnon connection from power is connected to the marking of spacing bus of the transmitter.

If the
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| Tab AA continued,

common is connected to the marking bus, the magnet contacts can be climinated, but if the common is
connected to the spacing bus the inclusion of the magnet contacts is imperative, The common is nor-
mally connected to tine mgrking bus but may very readily be changed to tne sgpacing busg. A4ccess to
these busses may be had by removing the cover plate of the bape transmitter. The advantage of the
use of the marking bus in that a tape hole means step forward of the pertinent cipher disc and is =ﬂ
consistent with the telegraphic viewpoint of marking signals. On the obther hand, the advantages of

the use of the spacing bus are twofold; firsi, the transmitter contacis are somewhat more positive E::@
than in marking position due to spring tensions, and second, being incensistent with the telegraphic MC::E
viewpolnt, offer possibilities in eryptographic security hecause the tape no-hole positions nonmally ;L
known as spacing tinen actually become marking insofar as the cipher-disc magnets are concerned. In

m
UL

either event it will be noted by referecnce to Tab DD that the eipher-dise, tape-transmitter circuit E/@
is closed through the coatacts of a slow-release relay wnich in subseguently opening clears the =]

eircuits for spring step forward of the cipher discs leaving tie circuit normally open. Hote: All ﬁ ﬁ
intercomnunicating stations must be in agreement with regard to the use of the marking or the spacing { ﬁ)

bus for diic step forward.

For additional detailed description, see Tabs R, S, U, W, Y, 2, 4A, BB,

TG IR
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TAD BB

Associated Elsctrical Typewriter

of

Converter M-134~T2

Flan view
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Electrical Typewriter. - Ref. Tabs AA, BB, CC and DD.
This typewriter comprises a modification of the International
Business Machines Corporation electromatic typewriter, The
modification consists of: the incorporation of 26 solenoid
magnets with drag links arranged to operate the 26 laetter key
bars; the addition of a universal bar operating a contact
combination upon the depression of any key bar; and the in-
corporation of an automatic five~character space contact and
solenoid magnet operating upon the space bar; and an auto-
matic carriasge-return contact with solenoid magnet operating
upon the carriage-return key bar and including a warning bell
signal. The spacing contact is operated by every sixth detent
of the tabulating rack., The carriage~return contact is oper- —~
ated by a stud at the end of the tabulating rack. The wiring
is terminated in a plug strip on the base front of the
typewriter proper for engagement with a jack strip at the rear
of the converter. A plug and cord are provided for connection
to power for the operatiocn of the driving motor.

For additional detailed desg¢ription, see Tabs R, S, U,
w, Y, Z’ AA, BBn
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Fig.ll - Electrical Typewriter, Plan View
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TAB GC

Converter _)1-134-5:2
Associated Electrical Typewriter
(showing solenoids)

TR0 CCR

U ok




REF ID:A522328

For detailed description of Elsctrical Typewriter,
see Tab BB.

For other detailed description, see Tabs R, S, U,
W’ Y’ Z’ vAA’ BB‘
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. INTERNATIONAL BUSINESS MACHINES CORPORATION S i
ELECTRAOMATIC TYPEWRITERS DIVISION
RACTHESTER, M.V, U.5. A, .
‘STENCIL

Fig.12 - Electrical Typewriter, Showing Solenoids
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TAB DD

- Converter Mwl34-T2

Schematic Diagram
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For detailed deseription of Converter M-134~T2

see Tabs R, &, U, W, ¥, 2, ‘AA, BB
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TAB EE

' Convemar H=134-T2

Theory of reversing switch
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' For detailed description of Converter M-134-12

see Tabs R, S, U, W, ¥, Z, AA, BB
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TAB FF

" Gonverter M~134~T2

Wiring of tape transmitter
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For detailed deseription of Converter M-134~T2
see Tabs R, 3, U, W, Y, Z, AA, BB
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FIG. 16
WIRING OF TAPE TRANSMITTER
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TAB GG

Converter M-13,-12
Cross wiring of,indivimzal discs
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For detailed description of Converter M-134-T2
see Tabs R, S, U, W, ¥, Z, A4, BB
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TAB HH

Wiring Diagram of Converter Ml -T2
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see Tabs R, S, U, W, Y, 2, A4, BB
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TAB II
Patent Application Mo, 632,006
(covers Converters l=134~T2, k=134, M-134~A)
Filed by William F. Friedman
July 25, 1933
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